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DLt  li'II  f  ION  or  INVIlS  I  IGA!  WL  AKl.AG  FUR  HUMAN -!  Al  FUR  ASRULlb 
OF  AiRCRAFF  ACCIULNIU 


I.  LXFCUFIVF.  UVLRVILW 


I nL rod uc I  ion 

lj jck(jround--A1  t'craft  iiisFiaps,  whotFier  in  the  military  or  civilian  sec¬ 
tors,  represent  larye  losses  ot  lives  and  property.  For  operational  command¬ 
ers  such  losses  also  represent  reduced  combat  effectiveness.  Over  the  last  30 
years,  the  number  and  rate  of  U.S.  Air  Force  aircraft  mishaps  have  substan¬ 
tially  declined.  According  to  Santilli  (44),  the  number  of  Class  A  (major) 
nisha[)s  per  1U0,0U0  t  lying  hours  has  decreased  from  36.3  in  1960  to  3.8  in 
19/''.  Although  tlie  Directorate  of  Aerospace  Safety  (lb)  reiiorted  that  19/7-7', 
misFia})  rates  had  increasi'd  over  tliose  of  1974-/m,  efforts  to  control  aircratl 
;iii  shops  generoll  y  have  been  succes-jf  u  1  . 

One  factor  contributing  to  the  reduction  of  aircraft  misha|)S  has  been 
tt'chnol ogica!  advancement.  Increased  reliability  of  avionics,  advances  in 
airtrame  construction,  and  augmented  flight  control  systems  have  helped  the 
pilot  ti'  maintain  positive  control  in  a  variety  of  fliglit  jirofiles.  These 
same  deve  1  oiiments ,  hoviever,  have  added  to  the  complexity  of  the  piloting  tasi; 
and  therefor-e  increased  Lite  pilot's  cognitive  and  decision-making  reguire- 
ments. 

Another  dovoiu,)ment  I'nat  has  increased  the  pilot's  cognitive  and  deci- 
s  i  on-!iidk  i  ng  reipii  rements  has  been  the  lowering  of  the  flight  ceiling  to  IJU 
feet  (3U.b  n).  At  lUU  feet,  pilots  must  make  virtually  i nstantaneous  and 
absolutely  accurate  decisions  to  complete  mission  requirements  while  aiaintaiti- 
ing  (ujsitive  flupit  control. 

The  coiii[ilexi  ty  of  the  piloting  task  is  reflected  in  aircraft  mishai)  sta¬ 
tistics.  Since  ttie  l96U's,  pilot  factors  have  been  involved  in  approximatel y 
one-halt  to  one-third  of  all  aircraft  mishaps.  Recent  mishap  statistics  in 
the  Air  force  show  that  pilot  factors  are  involved  in  over  6U%  of  all  aircraft 
aiisha[)s  (44).  A  recent  article  by  Ricketson  et  al.  (39)  estimates  that  "pilot 
error"  is  a  factor  in  HUA  of  Army  aircraft  , Mishaps. 

Compared  with  other  factors  (e.g..  Mechanical  failure),  the  level  of 
human  involvement  in  iiistiaps  and  their  prevention  is  less  understood.  Inves¬ 
tigative  areas  are  often  unspecified;  the  object  of  analysis  (human  behavior) 
is  tnu|uently  unpredictable;  and  detenninants  ot  human  behavior  are  inter¬ 
active.  behavioral  breakdown,  like  mechanical  failure,  is  a  dynamic  (irocess, 
variables  Influencing  the  former,  however,  are  much  more  difficult  to  infer 
from  their  effects  or  outcomes.  Moreover,  depending  on  the  severity  of  the 
accident,  (li  1  ot-factor  data  ;uay  be  unavailable.  These  problems  combine  to 
render  investigation  of  human  involvement  and  assessMient  of  human  culpability 
extremel  y  d  i  t  f  i  rmi  1 1 . 


Purpose  of  This  Study--The  purpose  of  this  study  is  to  conduct  a  system¬ 
atic  TnvesTT^aFrorTaF^pTTot  factors  involved  in  aircraft  mishaps,  focusing  on 
Air  Force  fighter  and  attack  aircraft.  Pilot-factor  mishaps  occur  wiien  the 
pilot  fails  to  maintain  positive  flight  control  in  a  situation  where  a  certain 
pilot  response  could  have  avoided  the  mishap.  In  some  instances,  a  jn  lot- 
factor  mishap  will  occur  because  of  an  error  or  omission  on  the  part  of  the 
pilot.  In  other  instances,  however,  a  pilot-factor  mishap  will  occur  nut 
because  of  a  pilot  mistake  or  omission,  but  because  the  situational  demands  of 
the  flight  exceed  the  pilot's  capabilities  to  respond  to  these  requirements. 

The  systematic  nature  of  this  study  is  reflected  in  the  scope  of  the 
research.  The  study  identifies  major  pilot  factors  involved  in  aircraft 
mishaps,  identifies  aviation  technologies  with  a  tiigh-potential  value  for 
diagnosing  and/or  reducing  these  pilot  factors,  and  develops  research  prograiiis 
aimed  at  exaiiiining  these  technologies  in  the  context  of  reducing  pilot-related 
mishaps.  The  goal  of  these  research  programs  is  to  reduce  the  number  and 
severity  of  aircraft  mishaps  associated  with  the  major  pilot  factors  identi¬ 
fied  herein. 


Approach 

This  section  presents  the  methods  used  in  this  research.  Figure  1  shows 
the  flow  of  tasks:  The  top  blocks  contain  the  four  major  tasks  of  the 
research;  the  lower  blocks  show  the  specific  data  and  methods  used  to  complete 
the  tasks. 

Following  is  a  task-by-task  breakdown  of  how  the  research  was  carried 

out . 


Task  1:  Identify  Major  Pilot  Factors  Involved  in  Aircraft  Hi shaps--As 
Figure  1  indicates,  this  task  included  three  subtasks:  Review  mishap  litera¬ 
ture;  review  investigative  techniques  used  by  selected  aviation  safety  agen¬ 
cies;  and  identify  major  pilot  factors,  based  on  a  sample  of  aircraft  mishaps. 

1.  Review  Mishap  Literature.  Mishap  literature  was  examined  in  order  to 
identify  and  define  the  major  pilot  factors  involved  in  aircraft  misliaps. 
Several  sources  were  used  in  the  literature  search,  and  each  article  was  exam¬ 
ined  in  conjunction  with  a  standardized  review  fonn  which  provided  an  easily 
accessible,  organized,  and  thorough  abstract. 

A  major  finding  of  the  subtask  is  the  disarray  in  previous  research, 
reflected  in  the  lack  of  precision  or  consistency  in  conceptual  definitions  of 
pilot  factors.  To  help  guide  the  remainder  of  this  research,  BDM  developed 
definitions  of  10  major  pilot  factors.  These  definitions  are  given  in  Section 
II. 


2.  Review  Investigative  Techniques  Used  by  Selected  Aviation  Safety 
Agencies.  The  major  sources  of  data  used  in  this  report  to  identify  the  pri- 
mary  pilot  factors  involved  in  aircraft  mishaps  were  official  mishap  investi¬ 
gation  reports.  A  review  was  conducted  of  mishap  investigation  techniques 
used  by  six  agencies,  representing  U.S.  civil  and  military  investigative  pro¬ 
grams  and  the  programs  of  two  non-U. S.  organizations. 
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f-or  iiiost  of  the  agencies  exaunned,  consistency  was  lacking  across 
individual  mishap  investigations.  Hie  four  aiajor  reasons  tor  tins  are; 
First,  no  standard  definitions  exist  for  pilot-factor  teriMs  used  to  describe 
the  cause  of  a  mishap.  Second,  persons  charged  with  conducting  the  human- 
factor  portion  of  the  mishap  investigation  vary  markedly  in  their  human-factor 
training  and  expertise.  Third,  investigative  procedures  are  not  standardized 
to  ensure  that  consistent,  reliable  information  is  extracted  from  each  inves¬ 
tigation,  Fourth,  the  pilot  is  not  always  available  for  questioning  after  the 
mishap;  this  suggests  that  the  Air  Force  may  want  to  initiate  a  near-mi siiap 
investigation  procedure  with  which  pilots  can  be  queried  in-depth  about  what 
happened . 


3.  Identify  Major  Pilot  Factors  Based  on  a  Sample  of  Aircraft  Mishaps. 
The  purpose  of  this  subtask  was  to  conduct  a  systematic  investigation  of 
recent  Air  Force  aircraft-mishap  investigations  to  identify  the  major  pilot 
factors  involved  in  these  mishaps.  For  the  period  7U  mishap  investi¬ 

gations  were  examined.  These  were  randomly  selected  from  all  U.S.  Air  Force 
Class  A  and  Class  B  mi  snaps  that  involved  a  suspected  pilot-factor  cause  and 
that  involved  a  fighter,  attack,  or  trainer  aircraft. 

Guided  by  a  coding  form  contained  in  Appendix  B  of  this  report  and 
ttie  conceptual  definitions  of  the  major  pilot  factors  discussed  in  Section  li, 
the  BOM  researchers  read  the  investigative  reports  and  recorded  appropriate 
information.  The  Information  included  pilot-factor  variables  that  could  have 
been  instrumertal  in  the  mishap  as  well  as  nonpiloi  factors  such  as  weather 
conditions,  flight  profile,  and  mechanical  operation  of  the  aircraft. 

Data  obtained  from  this  effort  were  analyzed  to  determine  the  pilot 
factors  that  occurred  most  frequently  in  the  70  mishaps.  Six  factors  occurred 
in  more  than  10%  of  the  mishaps:  Channelized  attention,  distraction, 

disorientation/vertigo,  excessive  motivation  to  succeed,  overconfidence,  and 
stress . 

lask  Z:  Rank  Order  the  Major  Pilot  Factors  in  Relation  to  a  Return-on- 
Investnient  Metric--  The  purpose  of  this  task  was  to  rank  order  the  pilot  fac¬ 
tors  identified  in  Task  1,  in  terms  of  the  potential  which  research  into  each 
factor  has  to  reduce  the  dollar  cost  associated  with  that  factor.  The  three 
major  subtasks  were  to  develop  a  return-on- investment  (KOI)  metric;  apply  the 
KOI  metric  to  the  pilot  factors  identified  in  Task  1  and  develop  a  specific 
KOI;  and  rank  order  the  pilot  factors  in  relation  to  the  KOI. 

1.  Develop  an  ROI  Metric.  An  KOI  metric  is  a  tool  for  estimating  the 
dollar  savings  in  mishap  reduction  to  be  realized  by  undertaking  various 
levels  of  research  into  specific  factors  present  in  mishaps.  This  task  is 
concerned  specifically  with  pilot  factors.  Assuming  knowledge  of  the  major 
pilot  factors,  three  types  of  i nfomiation  are  needed  to  calculate  the  KOI: 

a.  The  total  dollar  cost  associated  with  nishaps  resulting  fro  i 
these  pilot  factors.  To  estimate  how  much  .noney  can  be  saved  by  reducing  or 
eliminating  mishaps  involving  a  particular  pilot  factor,  we  must  know  how  much 
money  that  pilot  factor  "costs"  the  Air  Force. 

b.  Knowledge  of  antecedent  conditions  that  precipitate  the  major 
pilot  factors  involved  in  mishaps.  Knowing  the  antecedent  causes  (if  any)  of 
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.1  I'llut.  fac!.or  will  ht-l,.  in  i  ruj  thn  ,>ntetiLidl  effect!  vpmos^)  of  reSL'dr;.t 

into  0 1  1  ill  1  na 1 1  iKj  iii'jhaj'S  dot;'  l‘>  l.tiat  factor.  If  the  factor  i’self  cannot  Oi- 
directly  el  iiai  naf  ed ,  i‘  aiylit  Ire  indirectly  .■Iniinated  by  :.iodifyin'j  the  an’ e- 
cedent  factors  that  cause  it  to  occur. 

c.  An  estimate  of  how  effective  researcii  ’nto  a  specific  factor  a'ea 
will  be.  No  matter  how  auch  Money  a  specific  factor  costs  tiie  Air  force.  ’1 
there  is  no  chance  of  el  imi  nat  i  inj  'nishap'S  due  to  that  specific  factor,  then  'r; 
return  on  invest'ieiU.  would  be  teali/fu!  Oy  res-iarcfi  mLo  that  area. 

Apply  the  RDl  ‘letric.  Ihe  dollar  cost  assoc iatc'd  with  each  ma^or 
pilot  factor  was  oOtimed  by  deter'Ui  ni  nj  tfif'  monetary  ddiiiaye  to  the  aircr-jt: 
and  to  the  equipnent  in  ’  ne  aircraft.  No  dollar  estimates  were  attaciien  ts 
the  los.  of  lives  cr  '  >  'fie  resalti'iy  loss  of  combat  effectiveness  and  tr.ii'i- 
:nij  costs  l)ecau,,e  ot  ’he  ooi'iary  na!,.irc-  of  such  estimates. 

An  os',  is-.t  ■  d  '  i..,'  ,;n‘,.-.ede'it  causc'S  of  ma.pjr  pilot  factors  w.;.. 

obtained!  Oy  cor  r  e  I  _i i  n  :  .(;  jrr.-nee  or  O'jnoccur  r’eiice  of  eaCb  ;  i  1  ot  ’acter 

with  a  host  of  ,  i  I  o’ -  -  • '  1 1"  t  1  ■un-iU  I  ot-rel  ated  ^actors.  Trie  resiilts  of 
this  analysis  indicim,*d  'or  *  w  antecedent  factors  were  significantly  related 
to  tfie  maj  or  pi  lot  ’  ,o,  •  e  > . 

The  last  1  nior  i.it  1  on  n./o.ied  ’)  c.ilculate  toe  Hdi  I'e'nc  was  an  e:.-’- 
Miate  of  how  effective  r-esearch  mto  the  Major  pilot  factors  would  be  in  heU- 
iny  to  reduce  or  ehninat'i  -lishaps  due  to  these  fact')''S.  The  best  method  for 
accomplishing  tfiis,  arid  the  ai.'proach  employed  her-e,  was  to  scrutinize  previous 
research  which  haii  attemiieJ  to  determine  remedies  for  ttie  najor  pilot  fac¬ 
tors.  This  literature  r'eview  showed  only  scattered  and  fra  jmentf'd  attempts  to 
diagnose  p’lot  factors  involved  in  Mishaps  and  to  suggest  reniedial  solutions 
to  tfiese  pruble'Ms.  i. veil  when  a  remetfial  solution  was  desired  ami  imj)! emented , 
its  success  or  failure  was  not  evaluated.  The  literature  concerning  tiie 
potential  effectiveness  of  research  in  this  area,  therefore,  is  inconclusive; 
It  does  not  indicate  that  any  pilot  factor  is  either  note  or  less  a”tenable  to 
being  studied  than  any  other  factor. 

3.  Rank  Urder  the  Pilot  Factors  in  Relation  to  trie  hOl.  The  major  pilot 
factors  were  rank  ordered  in  terms  of  expected  dollar  return  as  a  result  ot 
conducting  effective  research  into  these  factors.  Application  of  the  ROI 
Mietric  gave  no  indication  that  resear-ch  into  any  of  the  si*  najor  |ulut  fac¬ 

tors  would  be  more  or  less  successful  than  research  into  any  other  tactor. 
therefore,  it  is  reasonable  to  assume  that  each  factor  investigated,  given  the 
same  level  of  research  investment,  would  yield  appt oxii  lately  the  same  per¬ 
centage  of  mishap  prevention.  This  aieans  that  the  return  on  investment  fon 
studying  each  pilot  factor  should  be  directly  proportional  to  the  total  dollar 
cost  associated  with  that  particular  pilot  factor;  i.e.,  the  greater  tfie 
dollar  cost  associated  with  a  particular  factor,  the  greater  the  ROI  to  be 

anticipated  by  investigating  that  factor. 

Following  this  logic,  the  factois  would  be  rank  ordereo  on  the  ROI 

metric  in  the  following  iiianner-: 

(1)  Chanrie I  I  zed  utfeni  ion 

(3)  Distraction 

(  3  )  0  i  sor  i  enf  n  t.  i  o>i/ ver i  go 


) 


(4)  Lxci-'ssive  motivation  to  i>uccood 

(5)  Overconfidence 
(b)  Stress 


Task  3:  Identify  Aviation  Technologies  with  a  High  Potential  for  Diay- 
nosi ng~and/or  Reducing  These  Pilot  Factors--\/arious  aviation  technologies  were 
identified  by  systematical 1y  reviewing  articles  on  aircraft-mishap  investiga¬ 
tions.  The  articles  examined  were  obtained  from  a  thorough  review  of  the 
overall  literature  on  aviation  safety  and  were  selected  from  sources  siiiiilar 
to  those  in  Task 

Each  article  was  reviewed  in  conjunction  with  a  standardized  review  form 
which  provided  an  easily  accessible,  organized,  and  thorough  abstract  for  each 
study.  A  more  extensive  discussion  of  the  details  ot  the  literature  search 
are  contained  in  Appendix  A. 

Four  general  technologies  were  identified  that  can  be  used  to  study  and 
remedy  pilot-factor  mishaps: 

Survey  "questionnaires" 

Psychological  measures 

Simulators 

Training. 

Within  these  general  technology  areas  are  a  host  of  specific  diagnostic 
and  remedial  techniques  that  could  be  applied  to  the  major  pilot  factors. 

One  key  observation  from  this  task  is  that  no  one  technology  is  best  for 
any  given  factor.  The  successful  elimination  of  any  pilot  factor  reijuires 
that  multiple  technologies  be  applied  in  a  programmatic  fashion. 

Task  4:  Design  Potentially  High-Payoff  Programs  for  Investigating  Pilot- 
Factor^spects  of  Aircraft  Mishaps--The  final  task  of  this  research  was  to 
describe  comprehensive  programs  of  research,  in  the  domain  of  the  behavioral 
sciences,  that  would  aid  in  investigating  aircraft  mishaps  related  to  pilot 
factors.  The  products  of  the  task  included  an  integrated  progranmatic 
approach  to  the  prevention  of  pilot-factor  mishaps,  the  delineation  of  several 
specific  research  projects  aimed  at  preventing  aircraft  mishaps,  and  the  pro¬ 
posal  of  a  research  project  addressed  toward  eliminating  mishaps  due  to  the 
two  major  pilot  factors--channel i zed  attention  and  distraction. 


Major  Findings  and  Kecommendations 

A  principal  reason  for  undertaking  this  study  was  to  develop  strategies 
for  eliminating  major  pilot  factors  involved  in  Air  Force  aircraft  mishaps. 
Our  approach  was  to  identify  the  major  pilot  factors  and  available  aviation 
technologies  capable  of  reducing  or  even  eliminating  mishaps  due  to  these  far, 
tors.  Equipped  with  this  information,  specific  research  prograins,  maLcfiing 
technologies  with  pilot  factors,  were  developed  with  the  expressed  purpose  of 
preventing  aircraft  mishaps  due  to  these  factors. 

In  reviewing  the  literature  on  aviation  safety,  particularly  the  litera¬ 
ture  pertaining  to  the  identification  and  prevention  of  pilot-factor  mishaps. 
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It  beca;iiL'  apparent  that  this  research  ;s  in  a  state  uf  disarray.  1  ne  resear.h 
is  chdracteri zed  by  piecemeal  attempts  to  solve  various  aspects  of  ill-defined 
phenomena  whicti  may  or  nay  not  lie  traceable  as  causal  elements  in  aircraft 
ni  sluiiis . 

The  major  problen  with  the  research  reported  in  the  literature  is  tnr 
lack  of  a  systematic  attempt  to  define  and  prevent  aircraft  ..iishaps.  'lu  ,irj- 
yrammatic  attemiits  have  been  made  on  a  wide  scale  to  identify  and  eliminate  or 
reduce  (lilot  factors,  fven  when  a  remedial  solution  has  been  implemented,  its 
success  or  failure  typically  was  not  followed  up  by  evaluation.  Many  studies 
did  not  even  provide  conceptual  definitions  of  the  pilot  tactorj  which  triey 
examined . 

A  lack  of  consistent  definitions  is  true  not  only  of  the  researcfi  litera¬ 
ture,  but  also  of  the  misiiap  investigation  [irograms  of  major  aviation  safety 
agencies.  The  Air  Force,  for  example,  invesfiyates  all  major  Air  force  air¬ 
craft  mishaps.  Although  jiart  of  tlie  investigation  focuses  on  pilot  taciors 
involved  in  a  mishap,  and  althouyli  the  Air  Force  has  identified  a  number  oi 
critical  pilot  factors,  these  factors  liave  not  been  defined  clearly. 

Integrated  Approach  lo  Reduce  Pilot-Factor  Mi shaps-- 1  he  research  of 
literature  and  accident  reports  implies  that  the  key  to  effective  reduction  oi 
pilot-factor  mishaps  is  an  integrated  research  program  that  refiresents  the  .\ir 
Force  coiiim i  tment  to  mishap  reduction.  A  program  such  as  this  requires  tiiree 
elements;  a  pilot-factor  mishap  data  collection  system  to  aid  in  the  opera¬ 
tional  definition  of  miishap  causes,  an  integrated  series  of  research  projects 
applying  remedial  technologies  to  identified  pilot  factors,  and  an  automated 
data  base  management  system  to  provide  a  needed  link  between  the  investigative 
research  and  the  research  to  develop  solutions  to  pilot-factor  mishaiis. 

1.  Pilot-Factor  Mishap  IJata  Collection  Syste.m.  The  misha;.)  data  collec¬ 
tion  system  includes  at  least  two  comiponents ; 

a.  A  tlata  collection  for.m  containing  standard  Jef  i  n  i  l  i  ons  of  major- 
pilot  factors  involved  in  aircraft  miishaiis. 

b.  A  pilot-factor  ciiecklist  to  assist  the  inves  1 1  gator-  in  exauiining 
the  pilot-factor  aspects  of  a  mishar. 

1.  Integrated  Series  of _ Kesuarch  i-’rojecls.  nn  integrated  series  of 

researcli  projects  are  the  product  of  tliis  current  resrsirch  el  fort,  Ihese  pro¬ 
jects  ure  Inised  on  a  standard  problem-solving  strategy  and  ai.med  at  applying 
human-factor  technologies  iii  trie  areas  identilied  by  tfie  lUisiiap  data  collec¬ 
tion  system. 

3.  Computerized  Data  base  Mariagemerit  bystein.  Ls  tao  I  i  sfiment  of  a  pilot- 
factor  data  base  to  provide  communication  between  investigative  r'esearch  and 
technology  application  will  require  detailed  front-end  analysis,  review  of 
existing  and  emerging  comipuler  fiardware,  and  an  extensive  system  architecture 
effort.  ^hese  three  elements,  when  in  full  operation,  can  be  viewed  as  a 
pilot-factor  mishap  reduction  system;  they  are  discussed  filly  in  bection  V. 
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Aircraft  Mishaps--One  component  of  the  integrated  approach  is  to  continual ly 
identify  and  attempt  to  prevent  pilot  factors  involved  in  aircraft  mishaps. 
Based  on  an  examination  of  recent  Air  Force  mishaps  (figtiter,  attack,  and 
trainer  aircraft),  BDM  identified  six  major  pilot  factors  involved  in  mis¬ 
haps.  These  were  rank  ordered  on  the  basis  of  potential  payoff  in  mishap 
reduction  to  be  realized  by  research  on  a  particular  factor.  The  factors 
included  channelized  attention,  disorientation/vertigo,  distraction,  excessive 
motivation  to  succeed,  overconfidence,  and  stress.  Definitions  synthesized  by 
BDM  for  these  tenns  are  given  in  Section  V. 

Based  on  a  review  of  available  aviation  teciinologies,  BDM  has  developed 
2-,  3-,  and  5-manyear  research  programs  targeted  to  reduce  mishaps  due  to  the 
major  pilot  factors.  Fssentially,  the  programs  apply  diagnostic  and  remedial 
technologies  to  these  pilot  factors  in  an  attempt  to  more  completely  under¬ 
stand  the  factors  and  to  develop,  implement,  and  evaluate  solutions  to  the 
pi'oblems. 

As  a  result  of  this  research,  we  recommend  that  the  Air  Force  undertake  a 
systematic,  programmed  approach  to  investigate  and  prevent  aircraft  mishaps 
related  to  pilot  factors.  For  maximum  payoff  on  the  research  investment,  the 
Air  Force  should  concentrate  its  effort  on  one  program  designed  to  combat  the 
two  most  costly  pilot  factors  associated  with  mishaps:  channelized  attention 
and  distraction.  Together  these  factors  were  associated  with  $254  million  in 
mishap  cost  over  the  period  1977-78.  Moreover,  research  leads  to  the  conclu¬ 
sion  that  they  are  very  similar  phenomena. 


11.  rOUITlt- ICAFIUN  Ur  r-WJUR  RILOT  factors  llNVULVLU 
IN  AIRCRAFT  MISHARS 


The  purpose  of  inis  section  is  to  lay  the  foundation  for  proyra.ii  develop¬ 
ment  by  identifying  .iiajor  pilot  factors  involved  in  aircraft  mishaps.  Tiu* 
first  step  in  this  identification  process  is  to  review  recent  ai rcraf t-mi shop 
literature  in  order  to  learn  more  about  pilot  factors  that  contribute  to  mis- 
liaps.  The  second  step  is  to  compare  the  methods  ny  whicii  iolot  factui'o  are 
studied  by  several  safety  agencies  ttiat  conduct  investigations  into  pilot- 
related  misha|)S.  The  final  step  is  to  examine  /ij  recent  ai  rcraf  t-iiiistiap 
investigations  and  identify  the  .najor  pilot  factors  involved  m  these  ,ais- 
haps.  These  tiiree  ste|is  will  iielp  assure  that  the  pilot  iactors  identifieU 
are  a  valid  and  reliable  representat  i  on  of  all  potential  pi  1  ot- rel  a  ted  pir.-- 
nomena . 


Review  of  Literature  on  iMlot  Factors  Related  to  Aircratt  Mishaps 

A  thorough  searcri  was  .node  ot  the  overall  literature  on  aviation  safety. 
The  articles  reviewed  in  tliis  section  were  selected  tro.a  tne  following 
sources : 

Keyword  search  ut  publications  housed  at  the  National  Technical  linorma- 
tion  Service  (NT IS) 

Keyword  scorch  of  pub] icat ions  listed  in  psycho) ogical  abstracts 
Review  of  the  journal  Human  Factors  for  19/0-79 

Review  of  the  Rroceedings  of  the  Annual  Human  Factors  Society  Meeting  for 
1973  and  19  7') 

Review  of  selected  popular  magazines  such  as  Aviation  Week  and  Aviatun 
ill  gest . 


Lach  article  was  reviewed  using  a  standardized  form  which  provided  an 
easily  accessible,  urgani /;ed,  and  thorough  abstract  for  each  study  (see  Appen¬ 
dix  B,  (xhibit  B-3).  A  more  extensive  discussion  ot  ttie  details  of  the  liter¬ 
ature  search  and  an  annotated  reference  section  are  contained  in  Appendix  A. 

Major  Investigative  Areas-- The  review  of  the  literature  identified  id 
major  investigative  areas  pertaining  to  pilot  factor^  in  aircraft  misliaps: 

Channelized  attention 
Disci  pi  I  ine 

Disorien tat  ion/ Vert igo 
Distract  ion 
Lx()er  i  ence 
Fatigue 
a  n  i  c 

Personal ity  characteristics 
Pilot  ,ige 

I'l  lot's  |ihys  i  ca  I  cond  i '  ion 

Stress 

work  I  iM  I 


1  1 


Operational  Definitions  of  Investigative  AredS--A  variety  of  operational 
definitions  have  been  used  to  quantify  and  measure  the  pilot  factors  identi¬ 
fied  above.  The  measures  used  fall  into  five  general  categories. 

1.  Physiological  measures  are  usually  used  to  determine  level  of 
workload,  fatigue,  and  stress.  They  involve  monitoring  or  measuring  a  physio¬ 
logical  response  over  which  most  individuals  have  little  control.  Measures  of 
heart  rate,  pre-  and  postflight  sleep  duration,  and  the  SAIT  battery  of  mea¬ 
sures  derived  from  analyses  of  pre-  and  postflight  urine  samples  are  those 
most  commonly  cited  in  the  literature. 

2.  Pilot's  self-report  measures  include  rating  scales,  question¬ 
naires,  and  interviews.  These  are  subjective  measures  that  have  been  used  to 
assess  pilots'  interpretations  of  flight  situations  (e.g.,  how  stressful,  how 
fatiguing)  and  pilots'  attitudes  and  personality  characteristics. 

3.  The  flight  surg^eon's  review  of  a  mishap  is  contained  in  the  mis¬ 
hap  investigation  report.  This  is  the  most  coinnonly  used  source  jf  data  for 
the  study  of  pilot  factors  in  aircraft  mishaps  and  provides  data  for  the  12 
investigative  areas  identified,  except  for  stress.  Generally,  the  flight 
surgeon  is  responsible  for  determining  and  reporting  the  psychophysiological 
and  environmental  factors  that  have  contributed  to  the  mishap.  The  flight 
surgeon's  decision  as  to  whether  or  not  a  pilot  factor  contributed  to  a  mishap 
usually  serves  as  the  measure  of  that  pilot  factor.  Investigators,  however, 
have  occasionally  relied  on  their  own  interpretations  of  the  flight  surgeon's 
narrative  description  of  the  mishap.  Because  either  the  flight  surgeon's  or 
the  investigator's  interpretation  may  be  used,  the  consistency  of  the  concep¬ 
tual  definitions  on  which  these  interpretations  are  based  is  crucial  to  the 
reliability  and  validity  of  this  method  of  measurement.  Unfortunately,  no 
standard  set  of  conceptual  definitions  exists.  A  more  detailed  description  of 
the  aircraft  mishap  investigation  procedures  currently  used  in  the  Department 
of  Defense,  civil  sector,  and  internationally  is  presented  in  the  following 
section. 


4.  Actual  performance  measures  involve  recording  pilots'  voluntary 
responses  to  various  experimental  f 1 ight  situations.  Lxperimental  flight 
situations  may  be  simulated  or  actual.  These  measures  are  generally  used  to 
assess  a  pilot's  capability  to  perform  various  tasks  under  various  environmen¬ 
tal  constraints.  For  example,  a  pilot's  information-processing  capacty  can 
be  inferred  by  observing  and  recording  his  reaction  times  and  ability  to  re¬ 
spond  to  certain  primary  and  secondary  tasks  introduced  during  an  experimental 
f 1 ight. 


5.  Computer  simulation  techniques,  usually  used  to  measure  workload, 
are  computer-based  models  of  aircrew/cockpit  environments.  They  provide  a 
description  of  the  effectiveness  of  aircrew  station  integration  in  lieu  of 
collecting  actual  performance  data. 

Approaches  to  the  Study  of  Pilot  factors  in  Aircraft  Mishaps- - 1 o  s  t  u  dy 
pilot  factors  involved  in  aircraft  mishaiis,  the  investigative  measures  have 
been  used  in  four  basic  approaches: 
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!.  Descr  I  ;il  1  VL'  ant!  cor  re]  Jt  j ona  I  sLud  ie':.  jre  ijeiit;r.)  1  i  y  bdsed  om 

stdtisiicil  and  1  y  '.i‘S  jf  tJna  da  La  snjdpTTt'd  in  fTiqhf,  ‘..n  n'^ons  '  i  nviiSt  i  (j  j  t  i  on 
rt'porLs.  Iho  i  n\/<‘ , '  i  na'.  ir  nMiilly  has  n^.  iriia.f  ififaj  I  he  da!.^!  base  be  i  ny  ase-i 
Lo  stady  the  ptlot,  tituts.  Ttu-r  ei  ;)r  ,  ‘  tK-  ^  "I  niiiuj i  on  provided  in  Itiesi- 

reports  sosie*  i  iie-,  i '■  i  Mtnr'piii.-ti.'O  [iy  i  nvest  rjat  ir  ,  and'jr  suppl  e:iiented 
additioridl  i  nfornidt  i  on  re'iardiny  i  tie  de '.lojr  diih. ;  c'naracter  '  st  i  as  and  experi¬ 
ence  of  the  pilot. 

descriptive  stiidies  reiiurt  tne  frepaency  witti  v/hich  certain  (rilot 
fdctors  dre  involved  in  aiishop^;  correl at i ori.j i  sMidies  report  the  relation- 
s'nips  between  these'  "cdiisal  '  fdCi.ors  and  ottier  ctuit  jc  tcTi  st  i  cs  of  the  pilot 
(e.tj.,  dije,  experience)  or  (liyiit  (e.;.,  phd  .ir  of  flioht,  type  of  dircraft). 
These  descriptive  arid  e  jr  r  a  i  r  i,  i  ^e|.l !  lata  .u  <■  I  r  epiieniL  1  y  combined  i  ri  one 

report.  In  tins  way,  new  ■■ioirical  iindiri.j',  j,,.  .idde;!  to  an  onderstandi  ny  of 

the  problem. 

d.  J'^sed  on  previ'io^  resedreh  tindinys  synttiesize  coiic  1  i- 

Sions  drawn  and  link  riieii  toye'iiee  itn.o  an  operation,:;  hypot.hesis  'o  helo 

explain  a  particular  problem.  Ihe  invest  ujdt';r  neitner  yenet ates  new  data  nor 
adds  any  new  empirical  evidence  to  tne  study  of  pi  1  ot- fa:, tor  caases  of  air¬ 
craft  mishaps.  The  investiyator  soec  il  ales  as  to  the  ridlare  of  a  jii  1  ot-tact  or 
problem  .and  its  antecede'it  s ,  and  offers  suyyestions  for  solutions. 

3.  Lab  and  field  cxperimerits  (computer  or  flijlit  siaialator  and 

actual  fliyhtl  have  been  used  by  invest  i  yators  to  collect  their  own  data  by 
manipulating  the  pilot's  environment,  then  measijr i tig  the  effect  of  the  manip¬ 
ulation  on  the  occurrence  r.if  pilot  factors  thought  to  be  cause's  of  aircraft 
mishdjrs.  The  i  nvestf 'jator  leasutes  the  effectiveness  of  the  'oani  (rul  at  ion 
either  by  physiological  aea.aros,  s“lf-reuor'  .ao.isures ,  or  observe!  ‘oni  of  the 
|)i  lot's  behavior  (aefuai  pe"  fijrmatice  mtrasures).  With  this  ai'proach  the  inves¬ 
tigator  can  study  the  ''Itracts  of  new  egoi  iiuit  or  situ. 't. ions  on  tdn.;  pilot's 

behavior  .ind  leani  bow  to  ,trucfjr'c>  the  on,- ;  r  ui„i|,;ru  'hit  pilot  factors  aro 

less  likely  to  occur, 

4,  Virveys  u  ,i''l  *  >  ndy  col-':  tuc'oi's  iu  .iirciwitt  mshapis  involve 

<idm  i  n  I  s  tco  i  ny  sulijec'ive  i.ji.iiy  scales,  j  <est  i  onud  1 1  ,  or  interviews  tself- 

report  me.isures)  to  i  r  epru'senta  1 1  ve  sample  of  ,Mlot,.  In  trn  s  way,  (ri  lots' 
attitudes,  opinonis,  and  i  nter  iirei.dt  i  ons  ot  tne  I  I  igtil  situation  may  be 
obtained.  This  app'roach  is  also  used  lo  as->i,ss  pilots'  oersonal  ities  wfien 
exploring  hypotheses  r>‘yarding  the  re '  at  i  onsri  i  o  between  rertain  personality 
characteristics  .ind  mi  shap- r  e  1  ated  beti.ivior  .  ,-1(1110  often  isod  as  a  sujip  1  e.iien- 

tary  measurement,  this  techniyue  has  strong  r-ose.irch  o.-^i:,ort,  lot'  being  valid 

as  a  pr  imary  diagnostic  approacli. 

Results  and  ;i  1  scuss  1  on- -we  have  invest  lyafo-d  ear  ti  piloi.  tar.Loi  identitii.-d 
at  ttie  bi.-g  j  nn  j  ru)  jf  this  section,  accordiny  to  oru.’  or'  si'Vt.’ral  of  i  tii' 
apiiroaehe,  just  orjtliried.  !tu>  nat.iire  of  ttii'  res. ills  I't  l.tns  r.-'o-tiLn  i 

deterniiied,  in  pari,  py  ;  r  nv  ■  t  i 'jatoi  ‘  ■  op-.n  at  i  orml  an.!  .  once;-!  u.il  defini¬ 
tions  )f  ttie  t"r  IIS  .I'll  by  ttie  .i|ipr  o  ac  b .  Ib(>  tin.iiu-.p,  to.ieainy  '-ac'i  oil-'i 
factor  v/i  I  I  be  review'’d,  witti  rDre-,  iihat -it  ion  iiven  when  ;o',-,i:)le  '.i  n-irri  ttie 

definitions  and  aiiiu  o.icfies  .ised.  ",  sa.eiary  >1  '  ■  nd  ' '--u .i)  o.u  b  it!  u.io 

rev  1  e-wed  e,  i  r'ivlded  mi  1  ii)iir-!> 
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1.  Channelized  Attentiofil  Three  studies  based  on  statistical  analy¬ 
ses  of  the  data  provided  in  flight  surgeons'  investigation  reports  have  iden¬ 
tified  channelized  attention  as  a  factor  contributing  to  aircraft  mishaps. 
One  study  (Directorate  of  Aerospace  Safety,  16)  exaiiiined  59  U.S.  Air  Force 
mishap  investigation  reports  (1977-78)  that  cited  pilot  factors  as  contrib¬ 
uting  causes.  Channelized  attention  was  defined  in  this  report  as  the  phenom¬ 
enon  that  occurs  "when  a  pilot  concentrates  on  a  task  being  performed  to  the 
point  that  other  cues  of  impending  disaster  are  not  noticed."  It  was  combined 
in  the  analyses  with  distraction,  inattention,  and  task  saturation,  all  of 
which  were  categorized  as  "pi  lot- i nduced  control  loss."  This  combination  of 
factors  was  found  to  have  contributed  to  50%  of  the  mishaps  reviewed.  From  an 
analysis  of  452  U.S.  Army  aircraft  mishaps  that  occurred  in  1971-72,  Ricketson 
et  al .  (39)  found  that  only  8%  were  attributed  to  channelized  attention,  how¬ 
ever,  no  definition  of  the  tenii  was  provided.  Santilli  (44)  has  defined  chan¬ 
nelized  attention  as  "the  focusing  of  attention  on  a  specific  task  at  the 
expense  of  not  attending  to  others  of  a  higher  or  more  immediate  priority." 
In  his  review  of  7b  U.S.  Air  Force  mishap  investigation  reports  in  1977-78,  he 
found  channelized  attention  to  have  been  involved  in  42%  of  the  mishaps.  The 
inconsistency  of  these  findings  is  attributed  to  differences  in  definitions  of 
channelized  attention,  to  differences  in  types  of  aircraft  and  missions 
involved  in  the  three  studies,  and  to  the  unreliability  of  flight  surgeons' 
reports . 

In  a  study  incorporating  results  from  available  tests  and 
research  on  fatigue  and  synthesizing  information  from  dozens  of  articles  writ¬ 
ten  by  doctors,  crewmen,  and  safety  agencies,  Mrosla  (34)  referred  to  a  phe¬ 
nomenon  called  "fixed  vision."  This  phenomenon  is  presumably  similar  to  chan¬ 
nelized  attention;  however,  he  offered  no  definition.  Me  concluded  from  his 
review  of  previous  research  findings  that  fixed  vision  is  a  manifestation  of 
fatigue  in  the  pilot.  In  a  similar  type  of  study,  Dimitrov  (15)  discussed  a 
phenomenon  reseinbling  channelized  attention  which  he  attributed  to  insuffi¬ 
cient  preparation. 

2.  Discipline.  Each  Pilot's  Infonaation  File  contains  the  Air  Force 
regulations  and  the  standard  operating  procedures  pertaining  to  each  type  of 
mission.  Any  violation  of  these  rules  is  considered  a  violation  of  flight 
discipline.  While  failure  to  observe  flight  regulations  and  procedures  is 
relatively  easy  to  define  and  detect,  detennining  whether  or  not  the  violation 
was  intentional  is  difficult. 

Dimitrov  (lb)  discussed  breach  of  discipline  as  an  important  fac¬ 
tor  in  aircraft  mishaps.  Though  he  offered  no  hard  data,  several  case  histo¬ 
nes  were  presented  involving  breach  of  discipline  and  its  iiossible  pilot- 
personality  correlates,  such  as  overconfidence. 

Five  studies  reviewed  have  addressed  the  freguency  with  which 
discipline  breakdown  has  been  involved  in  aircraft  mishaps.  Ricketson  et  al . 
(39)  found  that  10%  of  the  452  U.S.  Army  pilot-factor  aircraft  mishaps  they 
reviewed  had  been  attributed  to  violation  of  flight  discipline.  I  lackenber j 
(18)  reported  that  failure  to  observe  regulations  was  involved  in  19%  of  the 
154  German  Federal  Armed  Forces  pilot-factor  mishaps  reviewed.  In  Kowalsky  et 
al.'s  (29)  model  for  categorizing  NlSb  mishap  data,  neglect  was  identiticKl  as 
a  cr  i  t  i  ca  1 -cond  i  1 1  on  category.  Ihe  flight  events  that  nade  up  the  c.itegury 


coiib  i  si '.‘w  of  OS'.. 'll  .1 '  .0;  ■  ;>  I  1  ou  vi  .j  I  ii  i IS  sse  o1  chock  i  1  St  b  ,  clesr- 

cince  i.k' V  i  s  L  1  on ,  .ind  o:i[Oii;iL>r  msl /in  oso'lit  >_•.  Inis  c  r  1  :  1  c  1 1 -cond  1  1 1  on  Cdteijui  y 
wds  roSi'ons  1 1  I  c' .  It  least,  in  jjar '  ,  i  ot  the  laistuij.is  considered. 

Sant.illi's  (11)  anaiysis  sIiowihI  iliseipline  hrearolown  la  n.i.e  neeo  'nvolved  d 
kkl  of  the  /')  v).S.  Air  force  [i  i  1  of  -  (  ict  ■'»  osliaos  "’a'.  :.;a.'  ’  r.'-,  ■a.ia'y.  '.n. 

Directorate  of  Ac  oS(Kice  'safety  (loi  a' ft  loafici  I'  ’  tia  aisti.ios  'in", 

studied  to  disciolio’.'  breai.'towM. 

J.  Di  suf  icii*  at  !o.’i/Vt‘f  L  i'jo.  ifi-.-  1  ;  ‘ crat  o  stiows  'jemca  I  jjreeiaent 
as  to  tile  defirn’tions  .0  lism  lent. 1!  ion  ind  \/etiu'o.  ic  sor  t  en  t  ,i  I  m)(i  refers  to 
in  iricorrrct  ai'inaisa!  '..d  ai  i  ■■  1  i  v  i  du.i  ;  '  ;:>;s  i  1 1  ■.in  ,  location,  or  11 1  ,ien*. .  !n 

dvia'.dn,  the'  incoriec'  ■O'.'it;-.  il  ii.k-c  1  t  1  ca  1  I  v  |■•.■lJt(■s  '.0  t.ln'  .ittit  id('  (orien- 

tation)  ot  ■iii.i'.ioii  'd  ' 'le  ,'ti'O  ,i"  1  iji  s  i.iljne  wi  tli  ro',,.iect  to  iartfi.  ori  '.o  m 
'icc.is  i  i.ins  .  d  i  s,.ir' I  i;oi  ;  .j!i  it,  !  lu.  .lit  con.iists  jf  t.ru"  vo.-r i ';';■  ( ‘.eiisat  i  ons  'jt 
rotan  'lo'iai  ■>!  'Jic  rii,.i  '.voil.i  or  or  Mu'  ord  1  a  i  fci  i  )  r.ndi  jr  (li/zinc.. 

(senSd’  ions  it  uns  t.oa' i  mic''-s  w;!n  .,i  tee!  it'O  at  ,1  j  vViOe'ii.  '.(iiir'i  'he  tiinn.l)  (i.'.i'. 

.'.irklnn.i  o'-,  il.,  ..I'r,''  !  'feried  '  ■  0.'  eil  it'.,  veil. I  i'.,  ..liu.ist  invaTlai)!_, 

aean,  tiieii'  .iwareiu",',  v  .r:y  ■■'  !  he  ve'  inie,  1  .jriii',  ..d  dis  rienfa'.iun.  "dil.’t 

■;erlido"  -I'l'l  the  .1  a  a  '•'•ncoii  ■  ei  ,  ''..Mtiil  1 1 'or  le'd.  it  1  eii"  are  '/irtually 

lyii'.iriyiaous  in  Mis  laiiMM'ie  .jt  ails'.,  iiid  .o'e,  thereioie,  ,0  esen’ ed  t'l’.jet.liei  in 
fti  i  s  sec  ;  1  in. 

In  a  e.  idy  Mi.  js''iij  a 'cc  1 1  .  Ca  ;  I  y  Ml  '.eii'.Ml  d  1  sor  i  en  I.  a '.  1  in  as  a 
pilot  f.ac  t  I'Kolc't  111  Cl',  il.ai  .iito.rjt!  .'ii  sliai’S,  KitoMia-i  et  ■.!  1  .  reporteo 

t.lidt  Siia'.ial  disoi  laio  1'  !■.'(;  v.' 1  <  ;  n-,  0  i  .'•.".i  •.  i'Mi  ■)'  all  fLital  sii  sti.j,i'j  ti'di 

occurTc'd  iietvK'en  aiti  Diieove'.  wtien  'jpi'.itia!  d  1  sor  1  on t .1 1 1  oti  was 

associated  'wi'.h  1  iMd:,,,  iMal  .ii-.tiap  -toy  if  Mie  toiic.  I  he  study 

alS'J  f'luna.  fhif  t ‘i"  .r  e- o  ■  s'  ■  ie-no/  m  spati.;!  ■!  1  sea  1  enta t  i un  occurred  in 
pilots  I'K'-.wf'on  'Ml"  .1  .  .  I  -1  a  -I  •'  ■'  :  n  .-/ti-i  n,;d  loss  Uian  bUl)  hoots 

of  flyirio  s'rper  :  I  'h-.,  da'  i  .■.■are  >..p,.lit'd  by  the  driMonal  1  ransportat  ion 

Satety  'ond's  '  ■die  ■ ;  n  le-i-or's. 

oh"'  d  i'!  •■■,  I  -er  : 'ii;  1 'le  Meuaeiuy  uith  w'l  oMi  cert.ain  pilot 

rarM.-K',  .siur  in  ,.■  /!•,■,  ‘’i."  !:hkhi  :  i -.or  1 1't' ta  t  I  on  .'Mu'i ji'i  to  have  tieen 

invol/c'di  in  P':  of  'in-  ■;  ■.'  ,.s.  n  .,iy  p' I  ..it  -  factor  air;. raft  idshaps  (Rickelson 

■'t  a'.,  f-i)  and  1 ''  ■'  I'll  art'-,  uii  ieoeril  .Arou'd  i  or  ss's  p  1  I '}  t  -  f  ac  I  or  aircraft 

■aistiao',  ('  1  .ickenliersj ,  !  ■  itd  1  1  1  1  (-el)  ■fiiutid  t.fur'  l/,l  of  .hi  ij.y.  Air  t  kirce 

ji  i  1  f.i-,:  :,..ir  'li  .Miops  vat'  ■'■  ■  t.o  ',M;a!ieai  d  1  son  1  ent  ,a  t  i  e'l .  fie  strr.'ssed  Iht' 

(.'iijni'ive  aspect-;  nl  .I'u.i'  ion  1!  ’  ■.or  1  e'lta  i  1  on  a'>  opposi'.l  to  ptivsical  aspects 
wfiicli  ire  ..lore  etiir  ii.Mrr  I'd  '  1!  vi'rt  I'JO.  Aqain,  tilt'  d  1 'a,  t  ('pa  nc  1  ns  in  t.he'U' 
tindiM'is  nay  lie  il  '  r  1  huM-d  to  d  1  I  1  or  itko.’s  I'l  the  tyne-j  of  .iircralt  and  iiiis- 

..ions  inv'I.'ed  in  Mu'  studies,  Mi  l.fie  unreliability  of  fliqfit  surqc'vins' 

re(uirts,  irid  f)  r 'le'  i.hsencr?  ot  jl,..iridar'd  tie  t  i  n  i  L  i  ■jns  . 

'  it, tie  rosearcti  info  t.iie  .iiitc'eei.lent  cau-.o,  of  siuitKil  d  1  sor  1 1'lit  a- 

t.ion  fi  IS  been  done,  fun^/ever  ,  a  ii'd.eract  leai  be;,-reeri  vest  ibMar  and  visu.M  sen- 

s'lry  1  ij' if  fhaf  resilis  in  spaii.il  1 1  1 11:,  1 'Vis  i  ,  qe'u.iulf/  lUroed  lynon  as  .i 

Cif.ise.  Tfio  Atr.ied  '  .'tee,  I  ns !.  1  M, '.e-  M  ■' l'.,M■ll 'O'iy  smiqi'st^  'nil  ■,;.iinine  i.on- 

I,  ii'icl  m  ton'',  vc.jfer,  1  It  ox.aipi'-,  si  iv  ii  ,r -Ji''  ;''tiet  e<n  MnnMions  and  t.nus 

pr  O’luei  ■  ■!  I  ,  It  i  e'l  t  a  '.  o  Ml  .1  I  -  •  I  .i  vr-  :  ..  1  r  .'  ew  1  o.n  ''■  ore,  (  Mi,  1 1 .;  I  1  et  '  1  ,  1  '' )  . 

A  .  1 1  1  s  I  r  ac  ;  I  .  '  m  t  ,  .  ■  r ,  ; ; ,  t  h'.'  1  1  t  et-.|  I.  .1  e  on  ■  1  1  s  M  .  1  s  '  l  on  ,i  ■, 

I  I  M  d  I  1 1  '  ,  r  in  I  '  ■■■'■',•  ■  "ro  ■ :  ,  ■>  ni'';l  '  'le  !  n, ;  1 1  M,  i  1  y  '  o  ope  r  a  1  1  ona  1  I  y 


iind  conceptually  distinguish  it  trum  channelized  attention,  inattention,  ana 
preoccupdtion--dl  I  of  which  the  flight  surgeon  must  consider  separately  when 
completing  his  portion  of  the  investigation  report.  Distraction  iias  been  con¬ 
ceptualized  as  the  first  step  towanJ  channelized  attention;  that  is,  the 

pilot's  attention  is  distracted  from  the  priiuary  flying  task  and  channelized 
toward  an  abnormal  condition  (39).  Santilli  (44)  presented  distraction,  chan¬ 
nelized  attention,  and  inattention  as  separate  subcategoies  of  concentration; 
he  defined  distraction  as  "the  interruption  of  focus  of  attention  on  a  spe¬ 
cific  task  by  the  introduction  of  a  non-task-rel ated  stimulus."  The  Director¬ 
ate  of  Aerospace  Safety  (16)  described  distraction  as  that  phenomenon  which 
occurs  "when  a  pilot's  attention  is  drawn  away  from  the  task  at  hand,"  but 

combined  it  with  channelized  attention  and  task  saturation  in  the  analyses. 
In  a  somewhat  different  vein,  Kowal sky  et  al .  {2^),  in  their  iiodel  for  catego¬ 
rizing  NTSB  mishap  data,  identified  distraction  as  one  of  ten  "critical  condi¬ 
tion  categories."  This  category  consisted  of  flight  events  thought  to  be  pos¬ 
sible  distractions  for  the  pilot,  such  as  excessive  coiiiiiunications  with  Air 
Traffic  Control,  last  minute  changes  oi  other  confusion,  hurrying,  poor  desti¬ 
nation  weather,  and  ashtray  fire.  Distraction,  then,  was  considered  to  be  a 

pilot  factor  in  the  mishap  when  any  ot  these  flight  events  were  reported, 

Ricketson  et  al .  (39)  reported  that  /%  of  the  mishaps  they 

reviewed  were  due  to  distraction;  19%  to  inattention;  and  1%  to  preoccupation, 
lie  did  not  discuss  the  conceptual  differences  between  these  three  factors. 
Santilli  (44)  found  37%  of  the  mishaps  he  reviewed  to  have  been  attributed  by 
flight  surgeons  to  distraction.  Similarly,  38%  of  the  civilian  aircraft  mis¬ 
haps  studied  by  Kowalsky  et  al.  (39)  were  attributed  to  distraction.  The 
Directorate  of  Aerospace  Safety  (16)  cited  the  combination  of  distraction, 
channelized  attention,  inattention,  and  task  saturation  as  a  cause  in  bU%  of 
the  mishaps  reviewed.  While  these  findings  are  slightly  more  consistent  than 
the  findings  on  other  pilot  factors,  the  methods  of  conceptualizing  and  mea¬ 
suring  distraction  are  still  not  standard. 

Dean  (12)  studied  aircraft  .iiishap  patterns  .ind  linked  ttiem,  m; 
part,  to  pilots'  h  to  events  and  envi  roniiiental  events  that  occur  cyclically. 
His  data  were  not  directly  related  to  distraction  (ler  so,  rathor,  ho  inferrod 
that  distraction  i:>  one  reason  that  aircraft  mishaps  occur  .iiore  often  during 
some  months  than  others.  Specifically,  his  analysis  of  Cf-104  aircraft  mis¬ 
haps  showed  April,  July,  October,  and  January  to  be  high-rate  months.  Ho 
offered  explanations  such  as:  in  April,  personnel  whose  tours  of  duty  end  in 
July  are  preparing  to  return  to  Canada  and  are  preoccupied  with  packing;  dis¬ 
tracting  bird  activity  is  high  in  April;  in  October,  preoccupation  with  iilan- 
ning  Christmas  celebrations  and  vacations  is  a  factor;  in  January,  personnel 
are  attempting  to  pay  Christinas  debts  and  still  meet  daily  financial  obliga¬ 
tions.  The  speculative  nature  of  these  relationships  is  emphasized. 

5,  experience.  The  literature  addresses  several  aspects  of  pilot 
experience.  First  is  the  total  flying  time  a  pilot  has  aeguired  in  all  typeu 
of  aircraft.  Second  is  "Ut  time,"  which  refers  to  the  total  flying  Mmi‘  ,j 
pilot  has  aeguired  in  the  type  of  aircraft  in  which  the  nnsiiap  occurred. 
These  two  aspects  of  pilot  experience  are  measured  in  number  of  hours.  i\ 
third  aspect  is  whether  or  not  a  pilot  has  ever  performed  the  mishap  task 
before,  and  if  so,  how  recently.  All  of  these  measures  are  aimed  at  assessing 
the  pilot's  proficiency,  which  is  assumed  to  be  a  direct  correlate  of  experi¬ 
ence.  These  data  are  recorded  in  the  investigation  report. 
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dei'iand  iiiij  iiiission  wjs  dSbi'jtied  in  oii'J  cruw  ftoiic  wh  j-.i  jr  me  'idiiiijles  wC're 
ubtdiiied  arid  aridlyzed  fue  epi  neptir  i  ne ,  rierep  i  nephr  i  ne ,  1 /-fiydruxytur  L  ictr^Le- 

roids,  sodiuiii,  potass  i  u'li,  and  nri.-a.  Ihe  data  shov^ed  that  ttie  crev^s  experi¬ 
enced  moderate  fatiyue  atid  stress,  ayyravated  by  substantial  physical  discom¬ 
fort,  from  which  they  recovered  quite  rapidly.  An  interest iny  secondary 
findinq  was  the  absence  of  a  relationship  between  fatigue  scores  and  sleep 
duration.  That  is,  pret light  sleep  inadequacy  did  not  lead  to  unusually  higfi 
fatigue  increments,  nor  did  high  fatiyue  increments  lead  to  unusually  high 
postflight  sleep  duration.  This  finding  fias  important  implications  for  the 
fatigue  frequency  data  presented  in  the  flight  surgeons'  reports  since  those 
analyses  were  based  on  number  of  iiours  slept  prior  to  mission  as  an  indication 
of  fatigue. 

In  a  similar  type  of  study,  btorm  et  al.  (b4)  tested  an  augmented 
assembly  of  measures  for  assessing  ihe  relative  merits  of  various  fliyfit 
instrumentation  systems.  The  USAK  School  of  Aerospace  Medicine  (SAM)  stress 
battery  was  included  as  a  measure  of  stress/fat 1 yue .  This  battery  involves 
urine  analyses  and  self-estimates  of  subjective  fatigue.  Light  pilots  were 
assigned  to  three  different  flight  paths  associated  with  different  workloads. 
The  data  showed  postflight  feelings  of  mild  fatiyue  and  behavioral  support  fur 
the  urinary  findings.  The  authors  concluded  that  ttie  SAM  stress  battery  was  ■> 
useful  addition  to  tfie  flight  instrumentation  researcii  program. 

In  addition  to  data  ttiat  discuss  stress  as  an  indicator  of 
fatigue,  several  studies  deal  witfi  stress  separately  froai  fatigue.  Like 
fatigue,  however,  stress  is  difficult  to  define  and  isolate.  The  Directorate 
of  Aerospace  Safety  (16)  has  identified  and  studied  two  types  of  stress.  The 
first  is  mission  stress  which  refers  to  excessive  stress  generated  by  the  con¬ 
ditions  surrounding  a  mission,  usually  a  high-visibi 1 ity  mission.  Analyses 
showed  mission  stress  to  have  been  involved  in  'lb%  of  the  mishaps  reviewed. 
Second  is  personal  stress  which  may  bo  a  factor  if  a  (iilot  has  unusual  or 
severe  personal  problems.  Alkov  (1)  discussed  life  changes  and  crises  in  tlie 
pilot  as  a  source  of  this  type  of  stress.  The  Directorate  of  Aerospace  Safety 
found  personal  stress  to  have  contributed  to  <10%  of  the  mishaps  included  in 
their  study. 

/.  Panic .  Though  panic  is  a  factor  on  the  checklist  of  the  investi¬ 
gations  report,  which  flight  surgeons  must  consider,  it  is  rarely  cited  in  the 
literature  as  an  important  cause  of  pilot-factor  aircraft  mishaps.  Ricketson 
et  al.  (39)  found  only  1%  of  the  mishaps  they  reviewed  to  have  been  attributed 
to  panic.  Santilli  (44)  referred  to  the  general -adaptation  syndrome  (G.A.S.), 
defined  as  "the  heightened  physiological  state  automatically  assumed  by  the 
organism  when  faced  with  a  crisis  to  prepare  him  to  'fight  or  flee.'"  This 
accounted  for  28%  of  the  mishaps  reviewed  in  his  study,  and  although  not 
referred  to  as  panic  specifically,  it  appears  to  be  a  similar  phenomenon. 
Panic  has  received  little  attention  in  thf  literature,  but  it  see.ns  intui¬ 
tively  to  be  an  important  factor,  suiiported  by  the  findings  regarding  G.A.S. 

8.  Personal ity.  Personality  characteristics  regarded  in  the  liter.i 
ture  as  the  best  personality  predictors  of  aircraft  iiiishaps  are  accident 
proneness,  excessive  motivation  to  succeed,  and  overconfidence. 

One  investigation  of  accident  pruneness  was  a  statistical  analy¬ 
sis  of  over  2,400  aviation  misha[i  reports  anied  at  determining  whether  or  not 
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who  liave  been  involved  in  aircraft  .i;.,ha,;s,  a-irdens  ai.  4z ;  aiisiinistered 
Cattell's  Sixteen  Personality  factons  inn'ij  [  f.  f,  fift-.,  ,vhs  had 

and  had  not  been  involved  m  aiisna.'s.  ■•.n-wso  if,!-:  i  -i-.t  ’'o/tjjled 

three  personality  tieaturos  fiat  faTr-,:,  ..if,,  f.  ,f  sne  jfaffs  is  t; 
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were  .nore  group  dependent  (vs  sel  t-sni  f  :c  ■■■.‘n:  1 ,  r.-.iicai  ',_^s  l  aagfiatwe;. 
and  shrewd  (^  forthright).  !n  an  -itt-j  i;  t  to  nep'f.ase  these  f'ndings.  how¬ 
ever,  Sanders  et  al.  (43)  faik-'l  '  -  (ii-'n;  I'ite  -.1 --'j,-- invo;  vo  i  rro,,i  ..'tishap- 
free  pilots  with  respect  to  piersfia  I  : c  n.f -f ‘.-r  ■  v  : by  the  lb  rd  . 

9.  Pilot  Age.  Ml  .iushap  ■  .  i.s  t  ,  gat ’o;' -  r,.,,  -  in-  ajt.  id  the  aoJot 

involved,  so  the  .neasure  of  pilot  age  1.  i.-h.Jhio  Ine  -f  i  :  ‘  1  msh ' , 

of  pilot  aye  and  aircraft  .'iiishajf,  h.f.vev'!  ,  a,  .  c.fs  ‘j  :f  inconsistent. 

Flackenberg  (13)  found,  for  hel  itcofar  ..ai,;  ,  r".;  i  f:r„. :  i  :v  es ,  a  g>'fig,,ui 

increase  in  Jiishaps  tor  pilots  Irnci  -  i  :  >  ,•  ■  ..  t  ..o.tontial  ''icreaS'a 

between  the  ages  of  39  and  31,  a  grad  :-.!  Iffe.-  ■■  f.  V'car'S,  -iroJ  a 

slight  increase  for  the  age  groujis  jt  i  /  tin,:  iii,,-.*,  iOfurti’Hj  i  .f  inlar 

trend,  Santilli  (44)  found  lh-it  '.insnans  <)Co  l'■r\■.s  fe.,,ontly  aciong  ’.Mlats 

between  the  ayes  of  37  and  39,  deceased  wiLii  age  ft'oii  3vi  to  41,  and  incretisej 

somewhat  among  pilots  over  43.  Kirklid.a  et  .il.  (.3b)  re.orte.l  fi.it  ‘.he  hijhe-sL 
incidence  of  fatal  weather-rei  ated  iinshaos  occurred  m  gi',  f.  ,,  between  the  ages 

of  40  and  49.  Again,  it  is  difficult  to  cump'aro  iliese  iindintis  witti  ’iLhers 

that  report  data  for  a  specific  type  of  mishap  only. 

10.  Pi  lot's _ Physical  Condition.  n  iflei's  guyfCt.l  cone,  1 1  uin , 

including  drug  and  alcohol  intake  and  preexi-j' 1  ng  ii  i  ness  -.ir  tleiect,  is  assess¬ 
ed  after  a  mishap  by  flight  surgeons'  exams  or  a  i  Lof-f  os .  RioKe'soc  et  al. 
(39)  found  that  a  very  low  percentage  ol  ;inshans  wer.;  oue  fi  .irug  or  ..ilcehul 
intake.  Santilli  (44)  reported  that  I4h  of  the  msh.ips  iie  revifea  wer"  due, 
in  part,  to  pilots  who  iiad  preexisting  illnesses  or  detects,  Ac,  tu  imIols  m 

poor  nutritional  stales,  and  3X  to  pilots  who  had  taken  drug,.  while  the 


liLerat-ure  has  not  shown  the  pilot's  |)hyriCtil  conditiofi  to  be  a  major  contri- 
bator  to  aircraft  niishaps,  the  flujht  suryeon's  i nvest ujat ion  is  so  detailed 
with  regard  to  the  preexisting  jiliysical  condition  of  ttie  pilot  that  we  consid¬ 
ered  it  a  ;iiajor  factor-  wor'thy  of  further  study. 

11.  Work  1  Odd.  Aircrew  mental  workload  has  been  measured  in  a  variety 
of  ways.  Williyes  and  Wierwille  (b7)  classified  the  behavioral -research 
literature  pertaining  to  the  measurement  of  aircrew  workload  into  the  general 
categories  of  subjective  opinion,  siiate  mental  capacity,  and  primary-task 
metrics.  They  concluded  that  no  single  measure  can  be  reconinended  as  the 
definitive  behavioral  measure  of  mental  workload  and  that  the  most  promising 
assessment  procedure  should  include  multiple  measures  from  all  three  of  the 

general  categories,  as  well  as  iihysiological  correlates.  The  literature 
reflects  this  attitude  with  the  variety  of  ways  in  which  workload  lias  been 
stud  ied. 

Through  a  survey  of  aircrew  opinions,  Rolfe  and  Chappelow  (41) 
assessed  aircrew  workload  at  each  [diase  of  flight.  The  highest  ratings  of  all 
aircrew  were  given  to  the  preflight  planning  and  mission  phases.  Pilots  also 
rated  approach  and  landing  as  high-workload  phases  of  flight.  A  task  analysis 
of  sorties  that  require  physical  workload,  perceptual  workload,  and  mental 

workload  was  presented.  These  authors  considered  two  aspects  of  the  flying 
task  to  underlie  other  pilot  factors  involved  in  aircraft  mishaps.  These  two 
are  1)  physical  and  mental  workload,  and  P)  compatibility  between  the  equip¬ 
ment  provided  and  human  capabilities. 

In  support  of  Rolfe  and  Chappelow's  (41)  assumption  regarding 

workload,  the  Directorate  of  Aerospace  Safety  (16)  concluded  that  mission 
complexity  is  a  major  underlying  problem  contributing  to  aircraft  mishaps. 

This  was  based  on  their  finding  that  half  of  their  mishaps  involved  distrac¬ 
tion,  inattention,  task  saturation,  or  channelized  attention,  all  of  which  are 
tied  to  mission  complexity.  Similarly,  Storm  et  al.'s  (64)  manipulation  of 
.nission  workload,  which  effectively  induced  varying  amounts  of  stress  and 
fatigue,  implied  that  workload  is  a  contributor  to  other  pilot  factors  identi¬ 
fied  as  causes  of  aircraft  mishaps.  Santilli's  (44)  frequency  data  gave 
further  empirical  support  to  the  importance  of  workload  as  a  contributing  fac¬ 
tor  in  mishaps.  His  study  showed  that  overcommitment,  defined  as  “the  assign¬ 
ment  of  task  demands  and  multiple  tasks  that  exceed  the  pilot's  capability," 
was  involved  in  36%  of  the  mishaps  he  reviewed.  Inconsistent  with  these  find¬ 
ings,  however,  are  data  presented  by  Ricketson  et  al .  (39)  which  indicate  that 
only  3%  of  their  mishaps  were  due  to  task  oversaturation. 

Proposed  Conceptual  Definitions  of  Pilot  Factors--One  of  the  most  out- 
standing  characteristics  of  the,  1 i terature  reviewed  is  the  lack  of  precision 
and  consistency  in  the  conceptual  deti-nitions  of  the  pilot-factor  investiga¬ 
tive  areas.  Often  the  pilot  factors  under  study  are  not  defined.  When 
definitions  are  present  to  help  interpret  findings,  they  are  usually  those  of 
the  investigator,  even  though  the  data  used  in  the  study  were  collected  using 
definitions  of  different  flight  surgeons.  Mishap  investigators,  especially 
flight  surgeons  who  supply  a  majority  of  the  data  used  in  mishap  research, 
need  a  standard  set  of  definitions  to  which  they  may  refer  when  reporting  on 
the  pilot-factor  causes  of  mishaps.  This  would  greatly  increase  the  reliabil¬ 
ity  and  validity  of  related  research  findings. 


We  hdve  synthesized  descriptions  and  fragments  of  definitions  froni  the 
literature  into  concise  definitions  for  the  ten  most  anbiguous  major  pilot 
factors.  Then,  to  conduct  a  more  systematic  investigation  of  recent  aircraft 
mishaps  investigation  reports,  we  have  used  these  definitions  to  interiiret 
flight  surgeons'  narrative  descriptions  of  events  surrounding  the  mishap's. 


•  Channel  i  zed  Attent i on  -  A  behavioral  phenoiiienon  that  occurs  when  j 
pilot's  ful  1  attention  is  focused  on  one  stimulus  to  the  exclusion  of  all 
others.  This  becomes  a  problem  when  the  pilot  fails  to  perforn  tasks  or  pro¬ 
cess  information  of  a  higher  or  more  immediate  priority  and  thus  fails  to 
notice  or  has  no  tiiiie  to  respond  to  cues  of  impending  disaster. 

•  Pi sor i entat i on  -  A  loss  of  one's  pi  ace- i n-space  that  occurs  when  a 
pilot's  perception  of  the  aircraft's  attitude  or  .notion  is  incongruent  with 
respect  to  Tarth.  This  is  due  to  inadequate  sensory  stimuli,  an  incorrect 
interpretation  of  sensory  stimuli  due  to  limitations  in  sensory  receptors, 
incorrect  selection  of  comiietiny  stimuli,  or  the  absence  of  a  general  cogni¬ 
tive  framework  that  realistically  orients  the  operator  witiiin  his  environment. 

•  Vertigo  -  A  form  of  physiological  disorientation  that  occurs  wtien  a 
pilot  senses  that  he  or  the  external  world  is  rotating.  Any  form  of  disorien¬ 
tation  becomes  a  problem  v/hen  a  pilot  is  not  cognizant  of  being  disoriented 
and  responds  according  to  his  incorrect  appraisal  of  the  situation,  or  wiien 
the  pilot  is  cognizant  of  being  disoriented  but  is  unable  or  does  not  have 
enough  time  to  correctly  reorient  himself  while  tending  to  other  vital  flying 
tasks. 


•  Pi  stracti  on  -  A  behavioral  phenomenon  that  occurs  wtien  a  pilot's 
focus  of  attention  on  flying  tasks  is  interrupted  by  a  stimulus  unrelated  to 
those  tasks.  This  becomes  a  problem  when  the  pilot  fails  to  refocus  attention 
on  flying  tasks  of  a  higher  or  iiiore  immediate  priority  in  ti'iie  to  recognize 
und  respond  to  cues  of  liiipending  disaster. 

•  Lxcessi ve  Mot i vat i on  To  Succeed  -  A  personality  characteristic  that 
predisposes  a  [lilot  to  set  unr^  i stically  high  standards  for  himself  and  try 
to  perform  tasks  for  which  he  is  knowingly  i 1 1 -prepared .  This  becomes  a  prob¬ 
lem  when  mission  success  is  afforded  a  higher  priority  than  caution,  judgment, 
or  known  restrictions. 

•  Fatigue  -  A  degraded  capability  to  perform  some  specified  tasks  that 
occurs  when  a  pilot's  present  cognitive  or  physical  capacity  has  been  exceeded 
over  some  period  of  time.  This  becomes  a  problem  when  thought  processes  and/ 
or  muscular  reflexes  are  retarded  to  the  point  that  the  pilot  cannot  meet  the 
workload  demands  of  a  flight. 

•  Overconfidence  -  A  personality  characteristic  that  a  pilot  may 
develop  with  experience  or  with  positive  reinforcement  during  training.  It 
[iredisposes  the  pilot  to  overestimate  personal  ability,  the  ability  of  others, 
and/or  the  ability  of  the  aircraft.  It  becomes  a  problem  when  the  pilot 
attempts  to  [lerform  tasks  that  exceed  iiersonal  or  aircraft  capab  i  I  1 1 1  es . 


•  Panic  -  A  heightened  psyrhoptiysiologica  1  rebiionse  state  that  a  pi  let 
may  experience  when  he  is  stressed  to  the  point  that  his  adaptive  mechani sms 
completely  collapse.  In  such  a  situation,  the  pilot  is  seized  with  sudden, 
uncontrollable  paralyzing  terror  which  inhibits  hiiii  from  perfonning  the  mental 
and  physical  tasks  requisite  for  safe-flight  .nission  comiiletion. 

•  Stress  -  A  heightened  psychophysiol ogical  response  state  experienced 
when  a  pilot  perceives  that  the  workload  demands  of  the  flight  may  exceed  his 
capabilities  and  that  the  successful  completion  of  the  flight  is  tiius 
threatened.  In  such  a  situation,  the  pilot's  adaptive  nechanis.ns  become 
severely  taxed.  Probleiiis  arise  when  his  adaptive  mechanisms  are  taxed  to  the 
point  that  they  collapse  and  the  pilot  is  unable  to  meet  the  workload  demand', 
of  the  flight. 

•  Work  I  oad  -  The  amount  of  activity,  'iiental  and  physi'.al,  requisite  tor 
safe  mission  completion.  This  becomes  a  problem  when,  for  various  reasons, 
the  workload  demands  of  a  mission  exceed  the  pilot's  caiiabi 1 i t i es  to  meet 
those  demands  in  the  amount  of  time  available. 


Review  of  Techniques  Used  by  Selected  Aviation 
Safety  Agencies  lo  Investigate  Mishaiis 

Air  Force  mishap  investigation  reports  were  the  .iiajor  source  of  data  used 
in  this  report  to  identify  the  primary  pilot  factors  involved  in  aircraft  iiiis- 
haps.  Since  mishap  investigations  play  such  an  iaiportant  role  in  diagnosing 
and  understanding  the  causes  of  aircraft  mishaps,  the  techniques  with  which 
mishap  information  is  collected  are  also  important.  This  section  will  compare 
the  investigative  techniques  of  six  urgani zations  and  provide  reco.iimendations 
as  to  how  the  Air  Force's  investigation  procedures  .nay  be  improved.  The  six 
organizations  selected  for  study  were  the  U.S.  Air  Force,  Army,  and  Navy;  the 
National  Transpor tat  ion  Safety  Board  (NTSB);  the  Canadian  Forces;  and  the 
Royal  Air  Force  (RAt  )  of  the  United  Kingdom. 

The  information  presented  here  wd'j  obtained  from  official  agency  regula¬ 
tions  and  discussions  with  nembers  of  the  agencies.  Table  1  presents  the 

written  materials  reviewed  for  this  section.  Information  about  the  RAF  inves¬ 
tigative  programs  was  obtained  exclusively  from  discussions  with  RAF  person¬ 
nel;  official  documents  were  unav.. ’  I ab  1  e . 

Conduct  of  an  Aircraft  Mishap  lnvestigdtion--Atter  a  mishap  occurs,  an 
investigaf ion  board  is  convened  and  charged  with  uncovering  the  causes  of  the 
mishap.  Generally  the  intention  of  the  investigation  process  is  to  obtain 
information  that  can  be  used  to  prevent  similar  mishaps.  Lxcept  for  NTSB,  the 

board  typically  consists  of  a  president  who  is  a  rated  pilot,  a  maintenancG 

officer  who  is  knowledgeable  about  the  aircraft,  a  medical  officer,  and  a 
recorder.  The  medical  officer  (typically  a  flight  surgeon)  is  charged  with 
evaluating  the  human-factor  aspects  of  the  mishap.  Me  also  determine',  the 

causes  of  injuries  sustained  in  the  mishap  and  analyzes  the  egress  and  li|i' 
support  equipment  available. 


TABLl.  1.  DOCUMtNT^  RtVltWLJ  FUR  INVtSTIGATlON  TLCHNiqULb 


Agency 


Air  Force 


Army 


Jocu.iients 


AFM  127-1,  Aircraft  Accident  Prevention  and 
Investigation,  1972;  AFR  127-2,  The  d.b.  Air 
Force  Mishap  Prevention  Prograai,  19/9;  AFi; 
127-4,  Investigating  and  Reporting  U.S.  Ait 
l  orco  Mishaps,  197ci 

AR  9b-b,  Aircraft  Accident  Prevention, 
Investigation,  and  Reporting,  lU/b 


Navy 


NAVAIR  UU-dUT-b/,  Handbook  for  Aircraft 
Accident  Investigators,  19/i 


NTSB 


Outline  Human  Factors  Investigation/ReiJort 


Canadian  CFP  175(2),  Aid  to  Accident/Incident  Inves- 
Forces  tigation,  1979;  Flight  Surgeon's  Accident/ 

Incident  Check  List,  1977,  DCILM  Report 
/5-R-1098,  Investigation  of  Human  Factors  in 
Aircraft  Incidents  and  Accidents,  19/b 


All  agencies  examined  here  follow  this  invest  igation  model  to  some 
extent.  There  are,  however,  some  important  differences.  The  agencies  are 
compared  on  three  critical  dimensions  of  the  human-factor  nortion  of  the 
analysis.  These  dimensions  are  reflected  in  the  following  questions. 

(1)  What  human  factors  are  investigated? 

(2)  Who  is  charged  with  conducting  the  human-factor  investigation? 

(3)  Who  makes  the  final  decision  as  to  the  human  factors  involved  in  trie 
mi shap? 

Table  2  presents  an  overview  of  each  agency  based  on  the  answers  to  these 
three  questions.  The  table  shows  that  five  of  the  six  agencies  used  medical 
officers  or  flight  surgeons  to  conduct  the  human-factor  portion  of  the  misiiap 
investigation.  This  represents  only  a  small  (lortion  of  Lheir  responsibili¬ 
ties.  The  flight  surgeons  are  also  charged  with  examining  the  causes  and 
extent  of  injuries  suffered  by  persons  aboard  the  aircraft  and  with  analyzing 
the  egress  and  life-support  equipment  involved.  Only  the  RAF  sends  investiga¬ 
tors  specially  trained  in  human  factors  to  investigate  these  asiiects  of  a  mis¬ 
hap. 


For  four  of  the  six  agencies,  the  human-tactor  investigitor  is  actually  a 
member  of  the  unit  or  installation  in  wtiich  the  mishap  uccmred.  Uie  HlSP.  and 
the  RAF  send  investigators  from  their  central  headguai  t  c‘rs  to  i  fie  mishap. 

The  U.S.  Army,  Navy,  and  Air  1 orce  locus  on  the  same  set  of  tuiman  factors 
to  investigate.  Fxhibit  B-2,  Ap()endix  B,  present  s  the  hst  of  ♦actors  t  iie 


rABLL  2?.  OVtRVItW  OF  CKlflCAL  ASPLCFb  OF  AIKCKAFT  i^lSHAP 
INVESTIGATION  PROGRA.MS  FOR  SIX  AGENCIES 


Human  factors 
exhibited 

Human-factor 

investigator 

Final  evaluation  of 
huinan-t'dctor  causes 

Air  Force 

See  exhibits 

B-3,  B-4* 

Flight  surgeon 
(local) 

AF  Inspection  and 
Safety  Center 

Army 

See  exhibits 

B-3,  B-4 

Flight  surgeon 
(local ) 

Major  coiiinand  (e.g. 
FORSCOM,  IRADOC) 

Navy 

See  exhibits 

B-3,  B-4 

Flight  surgeon 
(local ) 

Naval  Safety  Center 

NTSB 

Primarily  injury 
rel ated 

Flight  surgeon 
(local) 

NISB  Board 

Canadian 

See  exhibit  B-b 

Flight  surgeon 
(local ) 

Major  codimand 

RAF 

Not  available 

Human- factor 

Board  itself 

investigator 
(centra! ) 


♦Appendix  B  exhibits 


flight  surgeons  jse  to  indicate  the  presence  or  absence  of  selected  human  fac¬ 
tors.  The  form,  developed  jointly  by  the  services  in  the  late  lObO's,  pro¬ 
vides  the  flight  surgeon  with  a  long  list  of  potential  tiuman  factors  involved 
in  a  mishap,  but  with  no  definitions  of  these  factors.  Thus  the  definition  of 
each  factor  is  left  to  the  discretion  of  the  investigating  flight  surgeon. 

The  Air  Force,  Army,  and  Navy  also  examine  personal  data  for  crewmembers 
of  the  mishap  aircraft.  Exhibit  B-4  presents  a  copy  of  these  variables.  The 
Navy  has  launched  an  unofficial  attempt  to  obtain  data  on  pilot  life  stress 
which  is  hypothesized  to  impact  on  pilot  performance  in  the  cockpit.  Life 
stress  is  characteri zed  by  events  such  as  divorce  and  death  in  the  family. 

The  NTSB  is  not  concerned  primarily  with  the  human-factor  causes  of  a 
mishap.  It,  instead,  focuses  on  injuries  to  the  crew  and  passengers  of  the 
aircraft  and  on  the  egress  systems.  Only  in  circumstances  where  human-factor 
causes  are  obvious  (for  instance,  a  pilot  who  has  a  high  blood  alcohol  count) 
will  an  NTSB  investigation  report  such  causes.  One  reason  for  this  particular 
emphasis  is  that  the  NTSB  reports  are  part  of  the  public  record.  Since  human- 
factor  causes  are  often  difficult  to  support,  the  NTSB  discourages  speculation 
on  them  as  causes  of  mishaps.  In  the  other  agencies  examined  here,  the  pr  i 
mary  purpose  of  the  investigation  is  to  understand  mishap  causes  with  the  aim 
to  prevent  these  mishaps  in  the  future.  Since  the  results  of  these  investiga¬ 
tions  are  not  subject  to  public  scrutiny,  investigators  are  encouragcKl  to  make 
reasoned  judgments  as  to  human-factor  causes  of  mishaps. 


Lxhibit  l3-‘j  presents  the  personul  detd  cind  nuiiidn  factors  ttiat  tfie 
Canadian  Forces'  flight  surgeons  examine.  These  factors  are  taken  from  ttr.' 
flight  Surgeon's  Accident/incident  Check  'i-ist  (19//).  As  is  the  case  tor  'tie 
J.S.  agencies,  the  Canadian  forces  do  nut  offer  standard  definitions  for  laany 
of  the  huiJian- factor  terms.  The  Defense  and  Civil  InstisUte  of  environmental 
Medicine  published  a  report  titled  "Investigation  of  Human  factors  in  Aircraft 
Incidents  and  Accidents"  (19/b)  which  defines  some  of  the  terms  but  leaves  ttie 
bulk  of  them  undefined. 

After  a  mishap  investigation  is  completed,  the  i  rivestigati  ng  team  pre¬ 
pares  a  final  report  which  summarizes  tire  mishap,  presents  suspected  causes, 
and  makes  recommendations  as  to  how  siinilar  mishaps  could  oe  prevented.  In 
the  KAF ,  the  lioard's  conclusions  and  recommendations  are  final.  In  the  oinet 
services,  the  investigating  team's  conclusion  and  recoii«tieridations  are  subjec 
to  review  and  change  by  iiigher  authorities. 

Lvaluation--A  glaring  weakness  in  mo^t  misha()  investigations  is  tri(> 
absence  of  standard  definitions  of  the  huinan  factors  involved  in  mishaiis.  fhc‘ 
absence  of  these  definitions  ermrates  an  ambiguous  situation,  where  the  mistiai' 
investigator  must  not  only  try  to  determine  wliat  set  of  conditions  led  to  a 
mishap  but  also  to  decide  which  human-factor  labels  (e.g.,  channelized  'ttu,,. 
tion,  distraction,  etc.)  best  describe  that  set  of  conditions,  w'ith  no  s..-irt- 
dard  definitions,  different  investigators  are  apt  to  attach  different  defmn- 
tions  to  a  number  of  the  human  factors.  When  this  hajipens,  the  findings  from 
the  different  investigations  will  not  be  com()arable. 

A  second  problem  witii  niany  mishap  investigations  is  tiiat  the  flight  sur¬ 
geons  do  not  always  possess  the  requisite  human-factor  expertise  to  assess  the 
pilot  factors  involved  in  a  mishap.  [n  such  instances,  the  findings  from  trie 
investigation  may  be  invalid. 

Another  problem  is  that  the  flight  surgeon  must  investigate  riot  only  ..he 
fuiman-fdctor  causes  of  the  mishap  but  also  the  causes  and  extent  oi  injuries 
and  the  egress  and  life  support  that  were  involved  in  tiu:  ueshap.  Ihis  can  lie 
a  great  deal  of  work  for  one  person  to  accomplish,  so  soaie  parts  of  an  inves¬ 
tigation  ,iiay  receive  less  attention  than  others. 

The  human- factor  (lortion  of  mishap  investigations  focuses  (fiertiups  overly 
focuses)  on  pilot  factors  that  occur  in  the  cockpit.  Investigations  lool  tor 
factors  such  as  channelized  attention  or  distraction,  vihich  may  directly  cause 
a  mishap.  They  pay  less  attention  to  antecedent  factors  (which  occur  before 
the  pilot  enters  the  cockpit)  that  may  precipitate  situational  tactors  (fac¬ 
tors  that  occur  in  the  cockpit).  The  KAf  investigators,  in  contrast,  care¬ 
fully  examine  a  pilot's  flight-experience  records,  persona',  life  history,  and 
other  preflight  factors  that  may  precipitate  mi shap- causi ng  factors  in  the 
cockpit.  The  Navy,  as  mentioned  previously,  has  begun  to  look  at  a  pilot's 
personal  life  stress  in  an  attempt  to  pinpoint  (iretlight  factors  that  le.id  to 
'iii  shaps . 

Another  |)OtentiuI  problem  with  many  ■mshap  investigations  is  tiiat  the 
final  judgnient  as  to  t  tie  pil'd  (and  nonpilot)  t.u.’nrs  involve, I  in  t  lu'  iiiishap' 
is  aiadt.'  not  tiy  t.tie  i  nve', !,  i  ;ja  t  or  s ,  but  by  a  fiigher  te/iewing  author  I'v.  Itii  , 


cJuLhority  reviews  Ihe  invest  i  yali  ve  board's  report  ot  tlie  niishap  and  funinj- 
Idtes  its  own  conclusions  about  the  causes  ot  the  inishap  and  recoiiuiiendat i ons 
for  preventing  similar  mishaps  in  the  future. 

Since  investigative  boards  may  have  little  investigative  experience,  the 
reviewing  authority  (which  presumably  reviews  a  number  of  aiishaps)  brings 
experience  to  the  process  and  may  be  able  to  correct  .Mistakes  made  by  the 
local  investigative  board.  Different  investigative  teains,  however,  do  nut 
always  provide  the  same  type  of  information  in  the  same  amount  of  detail  in 
their  reports.  As  a  result,  reviewing  authorities  not  only  may  have  invalid 
information  to  review,  they  may  have  incomplete  information;  thus,  the  review 
process  has  the  potential  to  add  even  more  error  to  a  poorly  written  investi¬ 
gation  report. 

The  RAF  tries  to  avoid  this  problem  by  using  central  investigative 
boards.  These  boards  investigate  numerous  mishaps  and  therefore  have  a  great 
deal  of  expertise.  These  boards  are  given  the  final  authority  for  determining 
Miishap  causes  and  recommending  strategies  to  avoid  similar  mishaps.  Such  a 
review  strategy,  however,  could  become  very  expensive  for  an  investigative 
agency  such  as  the  U.S.  Air  Force  if  it  were  charged  with  investigating  mis¬ 
haps  around  the  world. 

In  sum,  the  major  deficiency  in  the  human-factor  portion  of  many  investi¬ 
gative  programs  is  lack  of  consistency  among  inishap  investigations.  This 
results  from  the  absence  of  standard  definitions  of  terms,  unequal  abilities 
of  investigators,  and  a  lack  of  standard  investigative  procedures. 

Recommendation- -The  most  pressing  need  for  the  human-factor  portion  of 
Air  Force  mishap  investigation  programs  is  to  establish  a  systematic,  standard 
data  collection  procedure.  Foremost  in  this  task  is  to  establish  standard 
definitions  of  the  human-factor  information  to  be  gathered.  The  use  of  stan¬ 
dard  definitions  will  increase  the  reliability  and  validity  of  information 
obtained  from  these  investigations. 

A  second  step  is  to  provide  trained  human-factor  specialists  as  part  of 
the  investigation  team.  These  specialists  could  provide  a  valuable  contribu¬ 
tion  by  identifying  the  human  factors  involved  in  mishaps  and  by  freeing  the 
flight  surgeon  to  concentrate  on  other  parts  of  the  investigation. 

If  human-factor  specialists  cannot  be  provided  because  of  funding  or 
other  constraints,  flight  surgeons  should  be  given  more  rigorous  human-factor 
training.  Moreover,  the  investigation  task  could  be  made  easier  and  more 
standard  by  development  of  a  systematic  investigation  procedure  for  deter¬ 
mining  the  human  factors  involved  in  a  mishap.  The  procedure  would  include 
strategies  both  for  determining  the  situational  factors  which  lead  directly  to 
the  mishap  and  for  tracing  these  situational  factors  back  to  antecedent 
causes.  The  Army  has  initiated  such  a  system  (see  U.S.  Army  Aviation  Digest, 
p.lO,  Dec  1977,  and  Army  Regulation  9b-6,  1975).  The  new  investigation  proce¬ 
dures  could  be  augmented  by  development  of  a  workbook  or  checklist  which  all 
human-factor  investigators  would  study  and  use  during  the  course  of  a  mishap 
investigation. 


JU 


A  standcircl i  zed  i nvest  i yaf. i on  process  would  lead  to  coiiipar  i  1  i  ty  jCf  L'..  , 
investigations.  Similar  i nforiiiation  would  be  available  trail  each  investiga¬ 
tion,  and  the  meanings  of  terms  would  be  the  same.  iJnder  these  cunditioris, 
the  review  process  would  be  inore  meaningful  because  the  reviewers  wo  il  l  lisv*' 
reliable  and  valid  i nforuat i on  to  examine. 


Analysis  of  an  Aircraft  Data  Base 

twelve  major  factors  were  identified  in  the  literature  review  on  jiiloi 

factors  involved  in  aircraft  i!iisha[is.  Since  the  various  articles  reviewed  dio 
not  use  the  same  defimrions  ot  the  pi  lot  tactors,  we  have  pro,  osed  staralaril 
def i n i ti ons . 

The  iiurpose  of  the  effort  described  m  this  section  was  to  systema 1 1 c  i ! ly 
analyze  recent  Air  Force  aircraft  I'ishap  rerort.s,  using  the  standard  delim- 

fions.  this  refined  method  of  identifying  the  major  pilot  factors  invoi.’i 

in  mishaps  will  provide  reliability  to  our  identification  of  i  nves*^^  i  ga  t  ’  ve 
areas.  Access  to  mishap  investigation  reports  was  provided  by  the  d.S.  Au 

Force  Ins(iection  and  Safety  Center,  riorton  AFH,  California. 

Data  and  Method- -A  human- factor  team  was  used  to  review  misti.i;'  retorts 
and  identify  pilot  factors  involved  in  the  .iiishaps.  to  maximize  the  relmvoil- 
ity  and  validity  of  their  judgments,  the  researchers  operai.ed  adder  tnt-  fol¬ 
lowing  conditions.  First,  instead  of  searching  for  a  wide  variety  ot  iil;,t- 

factor  causes,  sucli  as  the  many  contained  on  the  Air  I  orce  f  light  tor::i,  tfiey 

focused  on  the  12  factors  that  were  suggested  by  previous  literature  (includ¬ 
ing  previous  examinations  of  Air  Force  mishap  reports)  as  the  most  important. 
Second,  the  team  operated  within  the  framework  of  standard  conceptual  and/ur 
operational  definitions  for  each  of  those  factors.  tnird,  the  researcliers 
attempted  to  be  exhaustive  in  their  investigations.  They  recorded  nil  avail¬ 
able  information  that  would  help  identify  what  took  place  to  bring  abuui,  thi. 
,riishd(is.  Fourth,  the  researchers  used  a  standard  coding  form  to  guiae  tim.-ir 
examination  of  the  mishap  reports.  A  coiiy  of  this  coding  fona  is  containeii  mi 
Appendix  B  as  Exhibit  B-i. 

The  coding  form  was  developerl  after  careful  review  of  both  Uie  aif  rail 

mishap  literature  and  sa'iipie  Air  for,;e  mi  sliapi  reports.  I  tie  foim  was  designed 

to  key  the  researchers  to  look  for  and  record  all  available  i nf oraial i on  idia'. 
could  help  identify  pilot  factors  that  lead  to  mishaps,  the  coding  form  con¬ 
tains  both  pilot-factor  variables  that  could  be  instrumental  in  the  misiiup  and 
nonpilot  factors  such  as  weather  conditions,  fligfit  (irofile,  and  condition  and 
functioning  of  the  aircraft.  These  noigiilot  factors  may  interact  with  tlie 
pilot  factors  to  produce  a  mishap.  The  coding  key  also  ineludes  aircraft 
type,  date  of  accident,  number  of  fatalities,  and  the  cost  of  the  mishaim 

Channelized  attention,  d  i  sor ientat i on/ ver t i go,  distraction,  panic,  work¬ 
load,  and  stress  were  measured  by  the  researchers  as  (lotenfial  causal  factors 
in  the  mishaps  viewed.  Iwo  personality  char  actor  i  st  ics--ex(. ess  i  vc'  moi  i  ,m  i.  rm 
to  succeed  and  overconf idence--were  also  used,  as  well  as  four  discipline- 
related  factors--nonobser  varice  of  mission  rules,  directives,  air  d  i  sc  1 1)  1  i  ne , 
and  established  jirocedures. 
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Pilot's  age  was  calculated  from  date  of  birth.  Pilot's  physical  condi¬ 
tion  was  measured  by  the  flight  surgeon's  statement  or  description  of  the  con¬ 
dition,  and  was  coded  as  "good,"  "fair,"  or  "poor."  Fatigue  was  measured  in 
the  following  three  ways: 

Hours  slept  in  the  past  24  and  48  hours 

Hours  worked  in  the  past  24  and  48  hours,  and 

The  length  of  the  flight,  including  time  in  the  cockpit  prior  to  the 
f 1 ight . 

Flight  experience  was  assessed  by  the  following  variables; 

Hours  flown  in  the  previous  24  and  48  hours 

Numbers  of  sorties  flown  in  the  previous  24  and  48  hours 

Numbers  of  sorties  flown  in  the  previous  30  and  60  days 

Total  sorties  flown  in  the  mishap  aircraft  type 

Previous  number  of  similar  missions 

Days  since  last  flight 

Days  since  last  flight  in  the  mishap  aircraft  type 

Total  flying  hours 

Total  flying  hours  as  a  first  pilot 

Total  flying  hours  in  a  jet  aircraft 

Total  hours  flown  in  the  mishap  aircraft  type 

Total  weather  instrument  hours 

Pilot  rating. 

No  arbitrary  standards  were  developed  to  designate  when  a  pilot  is  fatigued  or 
not  fatigued  or  when  he  possesses  sufficient  experience;  no  such  accepted 
levels  exist.  Hartman  et  al .  (21),  for  example,  were  unable  to  observe  a 
relationship  between  sleep  levels  and  self-reports  of  fatigue.  The  best  way 
to  measure  the  effects  of  indicators  of  experience  and  fatigue  would  be  to 
examine  samples  of  both  mishap  and  nonmishap  flights.  The  strategy  would  be 
to  measure  the  pilots'  levels  on  the  fatigue  and  experience  indicators  for 
both  samples  and  see  if  significant  differences  existed. 

Since  nonmishap  flight  data  are  not  available,  an  alternative  strategy 
was  used  here.  The  indicators  of  fatigue  and  experience  are  variables  that 
occur  prior  to  a  flight.  As  such,  they  do  not  directly  "cause"  a  mishap,  but 
may  lead  a  pilot  to  perform  or  fail  to  perform  in  a  manner  that  results  in  a 
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iiishap.  lletice,  the  strategy  used  here  to  indicate  the  effect  of  fatigue  and 
experience  on  tiie  occurrence  of  pilot-factor  mishaps  was  as  follows.  first, 
the  judgment  was  iiiade  as  to  which  (lilot  factors  (other  than  fatigue  and  exj^e- 
rience)  had  a  major  influence  on  the  iiiisha|).  Second,  the  indicators  of 
fatigue  and  ex[)erience  were  correlated  with  these  pilot  factors  to  deter;nine 
whether  or  not  they  were  associated  statistically. 

The  time  period  selected  was  January  1,  19/7  through  Jecember  IJ/o.  1  iii s 
period  was  selected  for  two  reasons.  First,  it  is  a  period  during  which  air¬ 
craft  aiishaps  increased  over  previous  rates  (Directorate  of  Aerospace  Safety, 
lb).  Second,  beginning  with  January  19//,  the  mi  sha()- repor  t  i  ng  [irocedure  was 
improved  somewhat  over  [last  practices. 

The  sample  of  mishaps  was  selected  from  ail  attack,  fightc',  or  iramer 
aircraft  mishaps  that  were  classified  as  resulting  exclusively  or  partly  from 
a  pilot-related  factor.  The  population  was  narrowed  by  selecting  only  Class 
and  Class  B  misha|)s  for  which  complete,  or  nearly  com|ilete,  data  were  avail¬ 
able  in  the  investigation  report.  Class  C  mishaps  were  not  included  since 
these  reports  contained  limited  information.  Class  A  mishaps  are  defined  as 
those  in  which  damage  to  tlie  aircraft  exceeds  $2bU,0U0  and/or  there  is  a 
fatality.  Class  B  mishaps  range  in  cost  from  SIOU.UUO  to  $i/b0,0U0.  Class  C 
aii  shops  involve  damage  of  less  than  5100,000. 

froai  the  population,  /O  mishap  reports  were  sampled.  This  saaple  size 
was  chosen,  on  the  basis  of  a  standard  statistical  power  analysis,  as  the  num¬ 
ber  of  cases  needed  to  calculate  the  Retur n-on- Investment  Metric  (ROl). 

The  sam|)le  consists  of  ob  Class  A  .inshaps  and  five  Class  B  mishaps.  The 
nb  Class  A  mishafis  involved  a  human  factor  and  represent  84%  of  all  Class  A 
mishaps  th.it  occurred  during  19//-/8.  The  five  Class  B  mishaps  represent  only 
10%  of  all  Class  B  human-factor  mishaps,  but  100%  of  the  Class  B  human-factor 
mishaps  that  had  complete  or  nearly  complete  mishap  reports.  Table  3  indi¬ 
cates  the  aircraft  types  contained  in  the  sample. 

Ihe  /O  reports  were  read  by  a  twc  arson  research  ti'a;;!.  Lach  (lerson  read 
approximately  3b  reports.  In  many  instances,  the  data  were  recorded  by 
copying  the  information  directly  from  the  appropriate  form  in  the  misha[j 
report;  e.g.,  weather  conditions  and  iiiany  of  the  pi  lot-ex()er  ience  and  fatigue 
Measures.  The  operation  or  failure  of  any  of  the  aircraft  components  was 
taken  directly  froiM  the  board's  judgment  as  to  the  status  ot  the  comiionent . 

The  researchers  were  required  to  make  decisions  about  the  [iresence  or 
absence  of  several  pilot-factor  items.  To  do  this,  they  read  the  narrative 
description  of  the  Miishap  and  judged  whether  any  of  these  factors  were  pre¬ 
sent.  In  Miaking  ttieir  decision,  the  researchers  were  guided  liy  the  defini¬ 
tions  of  these  factors  presented  on  pages  3b  and  3b. 

The  researchers  were  told  not  to  make  any  judgments  about  the  causal 
nature  of  these  factors,  but  simply  to  code  whether  the  factors  were  present 
or  not  present  in  the  mishap.  The  narratives  often  do  not  contain  enough 
detailed  information  to  nake  a  judgment  as  to  the  causal  nature  of  each  fac¬ 
tor.  The  dSSUMiption  was  aiade  that  if  a  factor  with  the  iiotential  to  cause  a 
mishap  (such  as  those  exaiMined  here)  was  present  in  a  largr*  numln'r  of  mishaiis, 
it  could  be  inferred  to  lie  a  causal  factor. 
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TABLt.  3.  rVPL  or  AlKCRAl  \  SAMI’LLU 


No.  No. 


Type 

b amp  led 

Ij^ 

bdiiipled 

AFD 

b 

FlObO 

3 

AlOA 

5 

FlObO 

3 

F4C 

1 

FlObA 

} 

RF4C 

6 

f  lObli 

1 

F40 

7 

FlllA 

1 

f  4L 

4 

Finn 

/ 

Ibt 

3 

F  lilt 

1 

F 1  bA 

4 

FlllF 

3 

F15B 

1 

FBlllA 

FIOOO 

b 

r33A 

1 

FI  OOF 

3 

T37B 

3 

T38A 

b 

The  Inference  to  causality  would  be  stronger  if  data  were  available  on 
nonmishaps.  If  a  factor  occurs  frequently  during  mishaps  but  infrequently 
during  nonmishaps  and  if  the  factor  can  theoretically  be  shown  to  be  able  to 
cause  a  mishap,  then  inferring  causality  is  appropriate.  Nonmishap  data,  how¬ 
ever,  are  not  available.  Therefore,  inferred  causality  was  based  only  on  the 
frequency  of  occurrence  of  a  factor  in  mishaps  and  on  the  theoretical  ratio¬ 
nale  that  the  factor  could  cause  a  mishap. 

After  making  a  decision  about  the  presence  or  absence  of  these  factors, 
the  researchers  were  instructed  to  note  the  investigative  board's  conclusions 
as  to  which  psychophysiological  human  factors  were  present  in  the  mishap. 
This  information  was  taken  from  Form  711GA  (txhibit  B-3)  only  after  the 
researchers  had  made  their  own  judgments.  The  reason  for  instructing  the 
researchers  to  make  their  judgments  independently  of  the  official  investiga¬ 
tive  board  was  to  allow  for  comparison  between  the  two  sets  of  judgments. 
These  comparisons  form  the  basis  for  determining  the  reliability  of  the 
findings. 

Major  pilot  factors  involved  in  aircraft  mishaps  are  those  factors  that 
occur  most  frequently  concomitant  with  a  mishap.  Table  4  presents  the  factors 
that  either  the  BOM  researchers  or  the  Air  Force  investigators  judged  to  occur 
in  more  than  10%  (8  or  more)  of  the  70  mishaps  studied.  The  table  shows  a 
general  agreement  among  the  two  sets  of  coders  concerning  the  first  forr  fac¬ 
tors. 


Both  groups  rated  channelized  attention  as  the  major  pilot  factor  asso¬ 
ciated  with  mishaps.  The  Air  Force  investigators  judged  channelized  attention 
to  occur  in  54%  of  the  mishaps.  Distraction  was  the  second  most  observed  fac¬ 
tor;  disorientation/vertigo,  third;  and  excessive  motivation  to  succeed. 
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fotJrMi.  Thi'  cOMLi-dt:.  r jr  cnur  s  judged  ■jvercuiif  i  Jeric»'-  -ifid  strcsn  each  to 
occur  in  13  nishai.'s,  .nakitri  M‘e'ii  a  Lin  for  tl'U'  filth  '.lost  irequeni  ()iiot  fic- 
Lor.  The  Air  Force  imres’ i<),iLors  ra'ikod  inorotuMis  ion  as  the  fifth  nost 
freiinent.  factor,  with  o'/erconi  utence  and  vi^u  !  illusion  'ied  as  thi.‘  siKth, 

Altliouyh  the  contract,  rese-.it  <;tiei  -  did  not  atLeript  to  .iudye  the  occurrence 
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the  cM'jht  ,iiaj>jr  pilot  facLuts  iid  not  .yield  a  .trony  re  I  a  t  i  onsh  i  p.  Hours 
slept  during  the  previous  34  tn,,.  ,rs  tuid  only  ^  slight  reldtionship  to  apprehen¬ 
sion  and  visual  illusion,  witii  correlations  of  .3.’  and  .39  respectively, 
fotdi  first-pilot  hours  had  a  slight  nt'gative  relationship  with  distraction, 
with  a  correlation  of  -.3!]. 

^lo  other  s  i  gn  i  f  icani  correlations  vreri'  seen  nei.ween  any  of  the  eigfu. 
major  pilot  fac'.nr'.  and  the  indicators  of  fatigue  and  experience.  As  a 
result,  fatigue  and  experience  were  not  .pidgi'd  to  be  ma.jor  pilot  factors 
invoIvcHl  for  this  sa::i()Ie  of  /f)  misiiaps. 

Reliability  ot  the  Data--!  he  fact  that  iJDM  resccirchers  anu  the  Air  I  oi  ce 
i nvesti gators  cl osely  agreed  in  their  judgments  ot  pilot  factors  suggest',  a 
degree  of  reliability  in  ttn'  d.ri.i.  'able  b  presents  the  cor  *  esi'ondenco 
between  the  two  groufis  for  five  of  ttie  ■■Hjht,  'iiajur  pilot  factors  that  tiiey 
noth  co'lefl.  The  perceir  ,igreeiieni  rin'orted  hrMow  ea.h  factor  is  olitained  liy 
diviflinii  ldi(‘  fot.il  nisiiu'i  ot  'inshaes  lor  wfncii  the  coder',  agreed  (tfir'  'aim  of 
the  diaional  eliMioriis  "n,.-uo"  and  "yt'.-yes")  ay  tiie  i-itil  numla.'!  of  laistiaps 
(/()).  As  call  he  so‘’n,  <  odat  agreemn'I.  r,!Mg(>-.,  fro'u  ull't  (channe  I  i  .O'd  a  f  ten '  i  ori ) 


i  I  , 

BHSafiMi 


'.0  ’  i,  Over  cjii  t  ]  JcMcu )  .  Ihe  over' vi  1  I  e'nie*  -jy  reenterii  is  /i%.  I'l's  fiyoru 

'jbtained  by  suiiiiiny  t.h'>  tot,  rl  imniber  jf  i;shd;,is  tor  wh.ch  the  cucert  ayr  jisl 
tor  edcri  of  the  five  .ol-jt  factors,  ttrcn  Jr /j. liny  by  jbU.  w'h  t  I  e  ttiot  roree- 

HMi',  IS  acces'table  by  soc'it  science  s:  jriddrds ,  viucti  of  ttie  dyreeinem  s’.-'s', 
fro  I  'Jie  f.jct  t.ridt  tt)(*  codto  s  'end  to  fiyrei?  ^vhen  a  factor  is  not  iiresent,.  Irie 
tinjticst  rnitry  in  eacti  'jf  the  tabies  occurs  in  the  "no-no"  cel  1  . 

Another  iiethod  for  cons ider  i ny  rel  lability  is  to  look  only  at  instancr,-', 
where  either  set  of  coders  identifies  one  factor  as  present  and  tnen  to  'ieter- 
iiiine  the  deyree  of  ayreeiuent.  between  the  coders.  To  do  this  reyuires  elimi- 
ridtiny  the  "no-nu"  cell  and  reca 1 cu I  at i ny  the  reliabilities.  Th^s  is  done  by 
calcjlatiny  tlie  total  number  of  mishaps  for  which  the  coders  aureed  and  divid¬ 
ing  by  the  total  number  of  observations  iri  siie  table.  Table  n  summarises 
these  o(ierdtions,  the  reliability  ranges  from  dbt  (success  luot  i  va  t  i  on)  to  4d’,T 
f  channel  i  zed  attention),  ind  trie  nverall  coder  ayreemeriL  for  all  five  factors 
is  3 / t . 


di  scussiun--  Tile  consensus  of  outh  rjie  ITUM  researchers  and  the  Air  force 
investigators  is  that  channelized  attention,  distraction,  disorientation/ 
vertirjo,  and  excessive  'iiotivation  to  succeed  are  the  four  factors  most  fre- 
yuently  involved  in  aircraft  uishaps.  Other  iiajor  factors  identified  by 
either  set  of  coders  are  overconfidence,  stress,  appreiiens  ion,  and  visual 
i 1 1  us i on. 

A  careful  analysis  of  these  factors  shows  that  they  can  be  divided  into 
two  categories;  prod i sposi t ional  and  sitiidtional .  Overconfidence  and  exces¬ 
sive  motivation  to  succeed  are  conditions  within  the  pilot  which  he  brings  to 
a  flight  and  which  can  ['redispose  hi.ii  to  perform  or  fail  to  perform  some 
activity,  with  this  performance  or  nonperformance  leading  to  a  ^iiishap.  For 
example,  a  [lilot  overly  motivated  by  success  may  attempt  to  acquire  a  target 
an  his  first  pass  even  though  he  cannot  adequately  contro’  the  aircraft  during 
the  jiass.  As  a  result,  he  may  fail  to  recover  during  targ  t  acquisition,  and 
crash . 


channelized  attention,  distraction,  di sor leritat ion/ ver t i go,  visual  illu¬ 
sion,  stress  (as  defined  here),  and  ap['rehension  are  typically  situa^ ional 
factors ,  which,  when  they  occur,  delay  tne  pilot  from  making  a  critical  res- 
■ponse.  In  an  aircraft  these  situational  factors  become  critical  because  the 
pilot's  time  to  respond  to  demands  is  brief.  The  time-compressed  i nf ormat i on- 
processing  nature  of  the  pilot's  task  is  the  factor  that  renders  these  situa- 
t  I'inal  pilot  factors  problematic.  Any  time  one  of  these  factors  occurs,  it 
'.an  interfere  with  infor:ikition  processing  and  lead  to  a  mishap. 

Inis  point  deservi's  some  further  ampl  i  f  ica  t  i  on.  A  pilot  is  sometii'ies 
referred  t'j  as  a  mission  uianayer .  Lsseritial  ly,  he  processes  a  wealtti  of 
information  and  per  I  or, ns  ap'propr  i  ate  responses.  The  bulk  of  :uishd(js  related 
to  pilot  factors  may  occur  because  the  pilot  is  frequently  [rushed  to  his 
information-processing  limits,  and  then  minor  disturbances  sucfi  as  distraction 
can  lead  to  misfiaps.  If  Ifiis  is  true,  studying  time-compressed  information 
processing  may  lead  to  ways  to  identify  a  pilot's  maximum  informat  iun-i.iroces- 
sing  ca[)dbi  1  i  ties ,  reduce  the  informal  ion-processi  rnj  demands  of  the  more 
difficult  [lilotiricj  tasks,  and/or  increase  the  pilot's  ability  to  [irocess 
information.  Lach  of  thesr'  findings  could  help  reduce  pilot-factor  misha[)s. 
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TABLE  6.  CORRESPOMDENCE  BETWEEN  BOM  AND  AIR  FORCE  CODERS  FOR  OCCURRENCE  OF  PILOT  FACTORS 


loJ 
^  Q 
Q  O 
CQ  O 


Lul 

n  o 

Q  O 
CQ  O 


1 

* 


At  other  times,  time-compressed  mtor-.ii.ii  ion  proces.>iny  is  m.it  reolly  ttu- 
iuishiip  caose.  For  example,  a  (nloL  .n.ty  be  involved  in  a  low-ieve!  Posil  inj 

mission.  He  may  be  in  (lerfecl  control  ot  the  aircraft  with  no  i ntur sat i on- 
process  im)  proolems  at  all.  He  may,  for  some  reason,  beconie  fascinated  wiin 
the  trace  of  the  bombs  on  the  target  and  sini()ly  forget  to  i'sll  out  of  a  dnve, 
and  crash.  In  this  scenario,  the  pilot  is  not  pushed  to  ms  '  nf  or  la!  ■  on- 
processing  linits.  His  iiind  is  taken  off  fiis  mission  for  s  s  le  unknown 
son.  Clearly,  .iiore  information  is  reguired  as  to  how  thi-se  situational  fac¬ 
tors  come  about.  With  such  information,  finding  com.!ioii  elenien’s  under  I  vo',; 
pilot-factor  mishaps  could  aid  in  discovering  remedies  for  these  iiishaps. 

While  the  coders  tend  to  agrer'  about  tfre  rank  ordering  of  tfie  aapor  iola: 
factors,  the  intercoder  reliability  between  tne  Air  force  and  iVJi-1  investiga¬ 
tors  suggests  that  tfie  two  groups  may  tiave  had  different  notions  aliout 
.iieaniny  of  terms.  The  coders  tend  to  agree  when  the  phenomena  are  aosent,  a., 
indicated  by  the  hiyfi  "no-no''  value  in  the  reliability  tables,  however,  wue 
the  factors  are  present,  the  coders  tend  to  disagree  as  to  the  labels  to 

attach  to  the  factor d. 

An  obvious  reason  for  tdirs  disagreement  is  tfie  lack  of  a  common  dermi- 
tion  for  each  pilot  factor.  While  the  BDM  researchers  worked  with  the  defini¬ 
tions  presented  at  the  beginning  of  this  section,  the  Air  Force  i nvest i gat  ,r s 
did  not  necessarily  use  tfie  same  definitions.  As  a  matter  of  fact,  sincc  u 
number  of  Air  Force  investigators  were  involved  in  coding  these  /O  mishaps  jriu 
since  the  Air  Force  does  not  (irovide  investigators  with  a  common  set  of  defi¬ 
nitions,  the  Air  Force  i nvestigators  themselves  were  possibly  not  operating 
under  a  common  set  of  definitions.  Another  reason  for  the  absence  of  higher 

degrees  of  reliability  is  that  Judgment  of  the  presence  of  a  pilot  factor  is 

often  based  on  the  very  limited  and  incomplete  information  available  after  t.he 
uii  sha(i . 

Recoiiiiiiendat1ons--A  consistent  theme  throughout  this  section  has  been  the 
lack  of  reliability  in  mishap  investigations  due  to  the  absence  of  standard 
definitions  of  pilot  factors  involved  in  mishaps.  Therefore,  we  recommend 
that  the  Ai'"  Force  develop  sucli  standard  di.-f  i  ri  i  t  i  ons  and  provide  them  to  all 
human- factor  i nvest i gators . 

Second,  we  recommend  that  fhe  Air  force  initiate  the  investigation  of 

riear-mi  shaps .  In  sucti  investigations,  Air  Force  s.ifety  fiersoriru'!  will  oe  alrle 
to  interview  pilots  to  f  i  rid  out  specifically  what  occurrrnl  in  the  cockpit  lu 
produce  the  near -mi shaps . 

A  final  recommendat i on  is  that  ftie  Air  1  orce  develop  a  coiig'uter  i  jed  riat.a- 
base  to  house  investigation  reports.  This  information  could  be  made  available 
to  researchers  to  explore  various  dimensions  of  the  pilot-factor  issue. 


ju.iinar  y 

The  purpose  of  this  section  was  t.o  ulentify  the  .najor  pilot  factors 
involvr.'d  in  aircraft  nisfiaps.  The  first  step  was  !.o  review  recent,  aircratl- 
iiiishap  literature  to  develop  art  idea  of  pilot  factors  that  contribute  to 
mishaps.  I'le  .econd  st.igi  was  t.o  ri'view  t.fu’  proct.'Ss  by  wlncti  several  safe'ty 
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agencies  examine  pilot-factor  mishaps.  Lguipped  with  this  information,  a  tiUM 
research  team  examined  /U  recent  Air  Force  aircraft  mishaps  involving  a  pilot 
factor.  These  researchers  were  given  standard  definitions  of  a  number  of 
potential  pilot  factors  contributing  to  mishaps.  They  read  mishap  investiga¬ 
tion  narratives  and,  using  the  defined  terms,  judged  the  pilot  factors  present 
in  the  mishap.  The  researchers  were  aided  in  their  task  by  a  detailed  coding 
sheet  that  cataloged  the  specific  information  they  were  instructed  to  collect. 

The  BOM  researchers  also  recorded  the  pilot  factors  that  Air  Force  inves¬ 
tigations  had  judged  to  be  present  in  these  mishaps;  generally  the  two  groups 
agreed  as  to  the  major  pilot  factors  involved.  The  BDM  researchers  uncovered 
six  factors  that  occurred  in  more  than  10%  of  the  mishaps.  The  Air  Force 
uncovered  seven  such  factors,  five  of  which  overlapped  with  the  BDM 
researchers'  findings. 

The  following  eight  factors  were  judged  by  either  the  Air  Force  or  the 
BOM  team  to  be  present  in  more  than  10%  of  the  mishaps.  The  parenthetic  entry 
indicates  whether  the  factor  was  judged  important  by  the  BDM  researchers,  the 
Air  Force  investigators,  or  both. 

(1)  Channelized  Attention  (both) 

(i^)  Distraction  (both) 

(3)  Disorientation/Vertigo  (both) 

(4)  excessive  Motivation  To  Succeed  (both) 

(5)  Overconfidence  (both) 

(6)  Stress  (BDM) 

(7)  Apprehension  (Air  Force) 

(8)  Visual  Illusions  (Air  Force) 


in.  INVLbTlGATlVL  ARLAS  RANK  'JRUERLU  IN  RLLAl  lJi<  1. 
A  RETURN-ON- INVESTMENT  METRIC 


The  [.irevioiJS  section  identified  eiyht  pilot  factors  p'-esenl  in  more  than 
L0%  of  selected  pilot-factor  mishaps  occurring  in  19//-7o  and  involvinu 
fighter,  attack,  or  trainer  aircraft.  The  purpose  of  this  section  is  to  list 
these  factors  in  the  order  in  which  they  should  be  investigated.  ihi-. 
priority  list  will  be  based  on  the  expected  return-on- i nvestment  (Rt)l)  that  a 
reduction  of  mishaps  due  to  these  causes  can  be  anticipated  to  produce. 

This  objective  was  accomplished  by 

(1)  developing  an  RO!  metric  based  on  tiie  dollar  cost  of  various  misiiaps, 

(f)  applying  tiie  R'Jl  metric  to  the  major  [iilot  factors  involved  in  air¬ 
craft  misliaps,  and 

(i)  rank  ordering  tiiese  pilot  factors  in  regard  to  the  ROI  metric. 


Uevelotiiny  the  Rul  Metric 

A  return-on-investment  metric  is  a  tool  for  estimating  tiie  dollar  savings 
from  mishap  reduction  to  be  realized  by  undertaking  various  levels  of  researcii 
into  specific  factors  present  in  mishaps.  An  RO!  metric  can  be  depicted  with 
the  following  formula: 

ROI  =  Total  Dollar  Saving  -  Total  Dollar  Research  Cost  (1) 

That  is,  the  return  on  investment  is  the  difference  between  how  much  was  saved 
and  how  much  was  spent  to  obtain  that  saving.  To  ootain  an  ROI  based  on 
research  into  pilot  factors,  estimates  are  needed  for  both  the  cost  of  pilot- 
factor  researcii  and  the  total  dollar  savings  to  be  realized  by  such  researen. 

Tor  purposes  of  this  reiiort,  costs  of  pilot-factor  researcii  projects  are 
fixed  at  Z,  3,  and  b  manyears.  Consequently,  taking  total  research  dollar 
cost  in  Formula  1  to  be  fixed,  the  ROI  requires  that  the  total  dollar  saving 
be  estimated. 

The  maximum  dollar  saving  possible  from  research  into  any  pilot  factor  is 
the  total  amount  of  money  that  factor  costs  the  Air  lorce.  The  total  dollar 
saving  will  be  the  percentage  of  the  total  cost  associated  with  a  pilot  factor 
that  can  be  eliminated  (or  reduced)  by  research  into  tiiat  factor.  This  can  be 
depicted  by  the  following  formula: 

Total  Dollar  Caving  =  Total  Dollar  Cost  X  Percentage  Misiiap 

Reduction  [Z) 

lor  example,  suppose  pilot-factor  X  was  associated  witli  $ldU  million 
worth  of  damage.  If  research  could  lead  to  elimination  of  ZWh  of  tiiese  iin  s- 
inqis,  the  ilollar  s<ivinq  to  be  realized  by  researcii  into  pilot-factor  X  would 
b(‘  ap[)r  ox  imate  I  y  i>lDl)  million  X  ..-’D,  or  Ci’D  mi  II  ion. 
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The  total  dollar  cost  associated  with  a  particular  pilot  factor  can  be 
estimated  from  data  on  previous  mishaps,  tstimates  of  how  effective  research 
will  be,  however,  are  not  so  straightforward.  One  reason  is  that  the  ultimate 
research  effectiveness  will  be  based  on  intangibles  such  as  the  research  team 
personnel  and  their  access  to  and  use  of  relevant  facilities  and  materials. 

A  possible  predictor  of  how  effective  this  research  into  a  specific  pilot 
factor  will  be  is  how  effective  previous  research  has  been.  The  literature 
will  be  reviewed  to  determine  the  state  of  investigation  for  each  major  pilot 
factor.  If  the  literature  review  for  a  particular  pilot  factor  shows  a  well- 
integrated  body  of  research  with  positive  results,  and  prospects  for  even  more 
positive  results,  then  future  research  should  be  effective.  Alternatively,  if 
the  state  of  the  literature  is  disorganized  and  indicates  little  if  any  posi¬ 
tive  results,  then  effectiveness  of  future  research  would  be  difficult  to  pre¬ 
dict. 


Knowing  the  antecedent  conditions  (if  any)  which  led  to  a  pilot  factor 
would  help  in  estimating  the  potential  effectiveness  of  research  into  elimi¬ 
nating  mishaps  due  to  that  factor.  If  tne  factor  itself  cannot  be  direedy 
eliminated,  it  might  be  indirectly  eliminated  by  modifying  the  antecedent  fac¬ 
tors  that  cause  it  to  occur. 

The  approach  for  calculating  the  KOI  metric  will  be,  first,  to  identify 
the  major  pilot  factors  involved  in  aircraft  mishap^.  Then  the  total  dollar 
cost  in  terms  of  aircraft  damage  associated  with  each  factor  will  be  esti¬ 
mated.  Nrxt,  an  attempt  will  be  made  to  identify  the  antecedent  conditions 
that  help  to  bring  about  the  pilot  factors. 

finally,  a  review  of  the  literature  will  be  conducted.  Each  pilot  factor 
and  its  antecedent  causes  will  be  reviewed.  Based  on  this  review,  a  judgment 
will  be  made  as  to  how  effective  the  research  into  each  pilot  factor  will  be. 
This  information  along  with  the  total  dollar  cost  associated  with  each  pilot 
factor  will  be  entered  into  Formula  2,  and  the  total  dol lar-saving  parameter 
will  be  estimated. 


Applying  the  ROI  Metric 

This  section  describes,  first,  the  data  used  to  identify  the  major  pilot 
factors;  second,  the  major  pilot  factors  involved  in  mishaps  and  the  total  and 
average  dollar  costs  associated  with  each  pilot  factor;  third,  i^he  antecedent 
causes  of  these  pilot  factors;  and  fourth,  an  estimate  of  research  effective¬ 
ness  in  regard  to  the  specific  pilot-factor  areas. 

Data — For  identifying  the  pilot  factors,  data  were  taken  from  7U  aircraft 
mishap  reports  made  available  by  the  Air  Force  Inspection  and  Safety  Center, 
Norton  AFB,  California.  The  70  mishaps  were  randomly  selected  from  the  popu¬ 
lation  of  pilot-factor  mishaps  that  took  place  in  1977-  78  and  involved  ari 
attack,  fighter,  or  trainer  aircraft.  The  data  were  obtained  by  two  BUM 
researchers  who  read  through  the  mishap  reports  and  coded  pertinent  informa¬ 
tion  on  coding  sheets  such  as  the  one  in  Appendix  B  (Exhibit  B-1). 
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II 


The  researchers  read  the  narrative  of  each  mishap  and  made 
judgment  as  to  the  pilot  factor  involved;  specific  definitions  of  a 
pilot  factors  were  provided  to  guide  their  judgments.  Then,  to 
reliability  check  on  their  judgment,  the  researchers  also  recorded 
factors  judged  by  Air  Force  investigators  of  the  mishaps  to  be 
Section  II  contains  a  more  detailed  description  of  the  data  and 
which  the  data  were  acquired. 
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Major  Pilot  Factors  Involved  in  Aircraft  Hishaps--The  major  pilot  factor ^ 
involved  in  fighter,  attack,  and  trainer  Air  Force  aircraft  were  identified 
from  the  70  mishap  reports  reviewed  by  the  researchers.  The  BDM  research  tea:' 
uncovered  six  pilot  factors  that  were  involved  in  more  than  10%  (8  or  more;  of 
the  mishaps. 


In  general,  the  BUM  researchers  and  the  Air  Force  investigators  agrec-d 
upon  the  major  pilot  factors  involved  in  these  70  mishaps  (see  Table  4,  Dagt- 
3B).  Both  g'-oups  rated  channelized  attention  as  the  major  pilot  factor,  lue 
Air  Force  investigators  judged  channelized  attention  as  occur 'ing  in  b4%  of 
the  mishaps;  the  BOM  researchers,  in  46%.  Distraction  was  the  second  niost 
observed  factor;  disorientation/vertigo,  third;  and  excessive  motivation  to 
succeed,  fourth.  BDM  researchers  found  overconfidence  and  stress  in  13  mis¬ 
haps,  placing  them  fifth.  The  Air  Force  investigators  ranked  apprehension  as 
the  fifth  most  frequent  factor,  with  overconfidence  and  visual  illusion  tied 
for  sixth  place. 


Part  of  the  disagreement  between  the  findings  of  the  BDM  researchers  and 
Air  Force  investigators  may  lie  in  the  fact  that  the  Air  Force  does  not  pro¬ 
vide  its  investigators  with  standard  definitions  of  pilot-factor  variables; 
thus,  the  two  groups  may  well  have  had  different  conceptions  of  the  same  fac¬ 
tor. 


The  BDM  researchers  used  the  following  definitions  for  Uie  major  factors 
they  uncovered: 

•  Channelized  Attention  -  A  behavior  phenomenon  that  occurs  when  a 

pilot's  full  attention  fs  focused  on  one  stimulus  to  the  exclusion  of  all 
others.  This  becoiiies  a  problem  when  the  pilot  fails  to  perform  tasks  or  pro¬ 
cess  information  of  a  higher  or  more  immediate  priority  ana  thus  fails  to 

notice  or  has  no  time  to  respond  to  cues  of  impending  disaster. 

•  Pi sor i entat i on  -  A  loss  of  one's  pi  ace- i n- space  that  occurs  when  a 

pilot's  perception  of  the  aircraft's  attitude  or  motion  is  incongruent  witii 
respect  to  Larth.  This  is  due  to  inadequate  sensory  stimuli,  an  incorrect 
interpretation  of  sensory  stimuli  due  to  limitations  in  sensory  recejitors, 
incorrect  selection  of  competing  stimuli,  or  the  absence  of  a  general  cogni¬ 
tive  framework  that  realistically  orients  the  operator  within  his  environment. 

•  Vertigo  -  A  form  of  physiological  disorientation  that  occurs  when  a 

pilot  senses  that  he  or  the  external  world  is  rotating.  Any  form  of  disorien¬ 
tation  becomes  a  problem  when  a  pilot  is  not  cognizant  of  being  disoriented 
and  responds  according  to  his  incorrect  apiiraisal  of  the  situation,  or  wTien 
the  pilot  IS  cognizant  of  being  disoriented  but  is  unable  or  does  not  iiavr> 
enough  time  to  correctly  reorient  himself  while  tending  t.o  uttier  vital  flying 
tasks. 
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•  Distrdcllon  -  A  behaviordl  phenouienon  thdt  occurs  wfion  d  pilot's  focus 
of  dttention  on  flying  tasks  is  interrupted  by  a  sti.iiulus  unrelated  to  those 
tasks.  This  becomes  a  problem  when  the  pilot  fails  to  refocus  attention  on 
flying  tasks  of  a  higher  or  more  iiimediate  priority  in  tiiiK,*  to  recognize  and 
respond  to  cues  of  impending  disaster. 

•  Excessive  Motivation  To  Succeed  -  A  personality  characteristic  that 
predisposes  a  pilot  to  set  unrealistically  high  standards  for  himself  and  try 
to  perform  tasks  for  which  he  is  knowingly  ill-prepared.  This  becomes  a  prob¬ 
lem  when  mission  success  is  afforded  a  higher  priority  than  caution,  judgment, 
or  known  restrictions. 

•  Overconfidence  -  A  personality  characteristic  that  a  pilot  may  develop 
with  experience  or  with  positive  reinforcement  during  training.  It  predis¬ 
poses  the  pilot  to  overestimate  personal  ability,  the  ability  of  others,  and/ 
or  the  ability  of  the  aircraft.  It  becomes  a  problem  when  the  pilot  attempts 
to  perform  tasks  that  exceed  personal  or  aircraft  capabilities. 

•  Stress  -  A  heightened  psychophysiological  response  state  experienced 
when  a  pilot  perceives  that  the  workload  demands  of  the  flight  may  exceed  his 
capabilities  and  that  the  successful  completion  of  the  flight  is  thus  threat¬ 
ened.  In  such  a  situation,  the  pilot's  adaptive  mechanisms  become  severely 
taxed.  Problems  arise  when  his  adaptive  mechanisiiis  are  taxed  to  the  point 
that  they  collapse  and  the  pilot  is  unable  to  meet  the  workload  demands  of  the 
flight. 


The  dollar  cost  associated  with  each  major  pilot  factor  was  obtained 
by  determining  the  damage  to  the  aircraft  and  to  the  equi[)ment  on  the  air¬ 
craft.  No  dollar  estimates  were  attached  to  the  loss  of  lives  or  the 
resulting  loss  of  combat  effectiveness  and  training  costs  since  such  values 
are  almost  impossible  to  calculate. 

Table  7  presents  the  total  and  average  dollar  costs  associated  with 
each  major  pilot  factor.  The  costs  are  presented  separately  for  the  BDM  and 
the  Air  Force  codings.  The  total  dollar  costs  associated  with  the  mishaps 
vary  widely.  The  most  costly  factors  are  channelized  attention,  distraction, 
disorientation/vertigo,  and  excessive  motivation  to  succeed.  The  Air  Force 
coding  finds  overconfidence  involved  in  $14.5  million,  and  channelized  atten¬ 
tion  in  nearly  $200  million. 

The  average  dollar  cost  per  mishap  also  varies.  For  the  bOM-coded 
mishaps,  channel ized-attention  mishaps  tend  to  cost,  on  the  average,  more  than 
twice  as  much  as  the  stress-related  mishaps.  For  the  Ai r-Force-coded  mishaps, 
distraction-related  mishaps  cost  more  than  three  times  as  much  as  overconfi¬ 
dence  mishaps. 

Antecedent  Causes  of  Major  Pilot  Factors--As  noted  previously,  estimating 
the  effectiveness  of  research  to  reduce  or  eliminate  mishaps  associated  wifii 
the  major  pilot  factors  would  be  easier  if  we  understood  iiore  clearly  iiuv; 
these  factors  originate. 
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TABLE  7.  TOTAL  AND  AVERAGE  DOLLAR  COSTS^  ASSOCIATED  WITH  EIGHT 
PILOT  FACTORS 


BDM  coding 

U.S.  Air  Force  coding 

Mean  Total 

Mean  Total 

Channel i zed 
attention 

$4.57 

(32)b 

$146.3 

$5.23 

(38) 

$198.9 

Distraction 

4.14 

(26) 

107.5 

5.47 

(21) 

114.9 

Di sorientation/ 
Vertigo 

3.29 

(22) 

72.4 

5.49 

(17) 

93.4 

Excessive 
motivation  to 
succeed 

3.85 

(14) 

54.0 

4.48 

(16) 

71.6 

Overconfidence 

3.0/ 

(13) 

47.7 

1.80 

(8) 

14.5 

Stress 

2.06 

(13) 

26.8 

c 

Apprehension 

c 

4.31 

(10) 

48.1 

Visual  illusion 

c 

3.85 

(8) 

30.8 

' In  ifiil  1  ions . 


^Entry  in  parentheses  is  number  of  mishaps  for  which  factor  was  present. 
^This  factor  was  not  evaluated.  (See  Section  II.) 


This  section  attempts  to  identify  antecedent  causes  of  these  major  pilot 
factors.  The  approach  selected  was  to  correlate  the  occurrence  or  nonoccur¬ 
rence  of  each  pilot  factor  with  a  host  of  both  pilot-related  and  non-pilot- 
related  factors.  These  factors  were  obtained  from  the  mishap  investigation 
reports  and  are  contained  in  the  coding  key  in  Appendix  B.  The  specific  fac¬ 
tors  and  their  operational  measurements  are  as  follows. 

1.  Weather  Conditions:  The  following  variables  representing  weather  and 
visibility  conditions  were  coded  0  if  the  factor  was  absent  and  1  if  it  was 
present. 

Clear 

Obscuration 
Cloud  cover 
Turbul ence 
I  og 
Rd  1  n 
Sleet 
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Snow 

Thunderstorms 
Tornadoes 
Special  warnings 

Visibil ity--coded  as  the  number  of  miles  of  visibility 
Wind  velocity--coded  in  knots 

2.  Aircraft  History  and  Functioning  During  the  Mission: 

a.  Aircraft  History 

Total  flight  hours  -  airframe 
Total  flight  hours  -  engine 
Hours  since  last  airframe  overhaul 
Hours  since  last  engine  overhaul 
Recently  unscheduled  maintenance:  0  ^  No 

1  =  Yes 

b.  Aircraft  Functioning  During  Flight  (Coded  0  if  coinponent/system 
was  functioning  properly  during  flight;  1  if  defective) 

FI  ight  control s 
electrical  system 
Hydraul ic  system 
Radio 
Engine 

Pneumatic  system 
Instrumentation 
Navigation  system 
Other  systems 

3.  Flight  Profile  (Coded  0  if  condition  was  absent  and  1  if  present): 

a.  Phase  of  FI ight 

Takeoff 

Cl imbout 

Cnroute 

Range 

Descent 

Landing 

b.  Mission  Element 

Air-to-ground  ordnance  delivery 

Low-level  navigation;  below  5000  ft  (1500  m) 

Low-level  maneuvering:  below  5000  ft 

Air-to-air  engagement 

Maneuver  with  formation 

Search  and  rescue 

Acrobatics 
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L  .  1  iiiu'  ut  Day 

Dusk 

Dawn 

Day 

i'Jiyhl 

(I.  Altitude  when  Mishap  Sequence  Began 
4 .  Pilot  K actors  : 


a.  Fatigue 

Hours  worked  during  previous  24-hour  period 
Hours  worked  during  firevious  48-hour  period 
Hours  slept  previous  24-hour  period 
Hours  slept  previous  4B-hour  period 
Hours  continuous  duty  prior  to  flight 
Time  in  cockpit  prior  to  flight 
Length  of  fl ight 

b.  experience 

Hours  flown  in  previous  24  and  48  hours 

Number  of  sorties  flown  in  previous  24  and  48  hours 

Number  of  sorties  flown  in  previous  30  and  60  days 

Total  sorties  flown  in  mishap  aircraft  type 

Previous  number  of  similar  missions 

Days  since  last  flight 

Days  since  last  flight  in  mishap  aircraft  type 

Total  flying  hours 

Total  flying  hours  as  first  pilot 

Total  flying  hours  in  jet  aircraft 

Total  hours  flown  in  mishap  aircraft  type 

Total  weather- instrument  hours 

Pilot  rati ng 

c.  Pilot's  Age  (years) 

d.  Pilot's  Pliysical  Condition  (good,  fair,  poor) 

e.  Hse  of  Alcohol  or  Drugs  Prior  to  Flight;  0  ^  No 

1  =  Yes 

lable  8.  ('resents  the  results  of  the  correlation  analyses.  Ihe  corre¬ 
lations  presented  an;  I’earson  (iroduct  iiiument  correlations.  The  table  shows 
that  very  few  of  the  antecedent  factors  examined  are  related  to  the  occurrence 
of  the  major  pilot  factors.  Vari'ius  elements  of  the  aiission,  such  as  air-to- 
ijround  and  air-to-air  engagements,  tend  to  be  related  to  selected  I'llot  fac¬ 
tors.  The  strongest  relationship  is  between  di sor ientat ion/ver t i go  and  clear 
weather.  This  rel  at  i  onsh  i  (i  suggests  that  on  clear  days  (lilots  liave  a  tendency 
to  become  disoriented,  (lerhaps  because  it  is  difficult  to  distinguish  between 
the  ground  and  the  sky. 
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rABLt  8.  ANTtCEDENT  KACTORS  SIGN  IF ICANELY  KELATEU  TO 
MAJOR  PILOT  FACTORS 


Antecedent  Factor 


Coded  bs 


Pilot  Factor 


Correlation 


Air-to-air  enyayecients 
Air-to-ground  engayeinents 
Total  first-pilot  hours 
Clear  weather 

Pilot's  physical  condition 
Coded  by  0.  S.  Air  Force: 


Channelized  attention 
Channelized  attention 
Di  straction 

Di  sorientation/Vert  i  go 
Disorien tat  ion/ Vertigo 


Air-to-ground  enyagements 
Low-level  navigation 
Air-to-ground  engagements 
Air-to-ground  engagements 

flours  slept  previous  24 
flours  slept  previous  24 


Channelized  attention 
Channelized  attention 
Disorien tat  ion/ Vertigo 
Excessive  motivation  to 
succeed 
Apprehension 
Visual  illusion 


Deteninniny  whether  certain  pi  lot- factor  mishaps  occurred  in  certain 
types  of  aircraft  was  not  possible.  Not  enough  data  points  were  available  to 
get  an  adequate  sa.nple  of  mishaps  for  each  aircraft-type  sampled. 

Estimating  the  Effectiveness  of  Research  To  Reduce  or  Eliminate  the 
Major~~Pilot  Factors--The  last  information  needed  to  calculate  the  ROI  metric 
is  an  estimate  of  research  effectiveness  regarding  the  major  pilot  factors  and 
its  appl icabi 1 tiy  to  reducing  or  eliminating  mishaps  due  to  these  factors. 
The  approach  we  used  was  to  scrutinize  previous  research  that  had  attempted  to 
determine  renedies  for  the  major  pilot  factors,  assess  its  effectiveness,  and 
estimate  its  cost. 


This  literature  review  is  summarized  here  and  reported  more  fully  in 
Section  IV.  The  most  striking  characteristic  of  this  literature  is  the  lack 
of  systematization  of  the  research  it  contains.  No  organized,  programmatic 
attempts  on  a  wide-scale  to  eliminate  or  reduce  pilot  factors  are  recorded. 
Only  scattered  and  fragmented  attempts  have  been  made  to  diagnose  pilot  fac¬ 
tors  involved  in  mishaps  and  to  suggest  remedial  solutions  to  these  problens. 
Even  when  a  remedial  solution  has  been  devised  and  implemented,  it  is  not  fol¬ 
lowed  up  by  evaluation  of  the  success  or  failure  of  the  solution.  The  litera¬ 
ture  on  previous  research  into  the  major  pilot  factors  involved  in  mishaps 
appears  to  be  inconclusive. 

Based  on  the  review  of  the  literature  regarding  aviation  technologies, 
and  the  current  state  of  knowledge  about  the  major  pilot  factors,  no  factor 
appears  to  be  more  or  less  resistant  to  investigation  than  any  other  factor. 


Rank  Ordering  Pilot  Pactors  in  Terms  of  the  KOI 


This  discussion  will  be  confined  to  the  six  pilot  factors  identified  by 
the  BOM  researchers.  Because  these  researchers  used  standard  definitions  when 
making  their  judgments  about  the  presence  of  pilot  factors  in  mishaps,  we  can 
be  more  confident  about  what  is  meant  by  each  of  the  factors  named.  The  Air 
Force  investigators  were  not  guided  by  standard  definitions,  and  we  cannot  be 
certain  that  they  used  the  same  meanings  as  BDTi. 

After  investigating  the  ROl  fran  reducing  pilot-factor  mishaps,  we  have 
no  reason  to  believe  that  research  into  any  of  the  six  factors  will  be  more  or 
less  successful  than  research  into  the  other  factors.  Therefore,  we  can 
assume  that  each  factor  investigated,  given  the  same  level  of  research  invest¬ 
ment,  would  yield  approximately  the  same  percentage  of  mishap  prevention.  If 
we  assume  that  percentage  mishap  reduction  Ts  n7ed  in  Formula  2,  then  the 
more  total  dollar  cost  associated  with  a  particular  factor,  the  greater  the 
total  dollar  saving  to  be  anticipated  by  investigating  that  factor. 

By  this  logic,  the  factors  would  be  rank  ordered  on  the  KOI  metric  in  the 
fol lowing  manner : 

(1)  Channelized  attention 

(2)  Distraction 

(3)  Ui sor ientation/Vert igo 

(4)  excessive  motivation  to  succeed 

(5)  Overconfidence 

(6)  Stress 

The  average  dollar  cost  associated  with  the  /U  .mishaps  is  S3. 82  million, 
so  prevention  of  just  one  pilot-factor  mishap  would  save  an  average  of  $3.82 
million,  and  in  the  case  of  fatal  mishaps,  a  life.  Given  that  the  funding 
level  of  social  science  research  projects  is  typically  less  tiian  $1  million, 
successful  prevention  of  just  one  mishap  will  yield  a  substantial  return  on 
the  research  investment.  We  can,  therefore,  expect  effective  research  into 
the  major  pilot  factors  to  yield  a  sizable  return  on  investment. 


Discussion  and  Recommendations 

The  major  recommendation  arising  from  this  section  is  that  the  largest 
return  on  the  research  investment  would  be  realized  by  focusing  on  the  pilot 
factor  that  costs  the  Air  Force  the  most  money;  i.e.,  channelized  attention. 
Other  factors  to  investigate  would  be  as  rank  ordered  in  terms  of  the  ROI. 

The  review  of  available  data  and  literature  relating  to  investigative 
areas  indicates  that  of  the  six  major  factors,  four  (channelized  attention, 
distraction,  disorientation/vertigo,  and  stress)  occur  in  the  cockpit  during 
flight.  We  could  not  determine,  however,  exactly  what  occurs  in  the  cockpit 


Lo  precipitate  these  factors;  nor  were  we  able  to  deteriiune  wiiich  antecedent 
factors,  if  any,  occur  before  the  pilot  beyins  the  flight,  winch  niay  uredis- 
pose  him  to  be  subject  to  the  four  iiiajur  factors. 

Any  research  that  attempts  to  develop  solutions  to  these  major  pilot 
factors  will  have  to  begin  with  a  clear  description  of  the  scenario  under 
which  these  factors  occur.  In  an  aircraft,  channelized  attention,  distrac¬ 
tion,  di sor ientation/vertigo ,  and  stress  become  critical  because  the  pilot's 
time  to  respond  to  situational  demands  is  brief;  the  time-compressed  informa¬ 
tion-processing  nature  of  the  piloting  task  renders  these  situational  pilot 
factors  problematic.  Anytime  one  of  these  factors  occurs,  it  can  interfere 
with  information  processing  and  lead  to  o  lishap. 

A  pilot  is  sanetimes  referred  to  as  a  mission  manager.  Essentially  he 
processes  a  wealth  of  information  and  performs  appropriate  responses.  The 
bulk  of  mishaps  related  to  pilot  factors  may  occur  because  the  pilo.  is 
frequently  pushed  to  the  limits  of  his  information-processing  capabilities, 
and  then  minor  disturbances  such  as  distractions  lead  to  mishaps.  If  this  is 
true,  then  studying  time-compressed  information  processing  may  lead  to  ways  to 
identify  a  pilot's  maximum  information-processing  capabil ities,  reduce  the 
information-processing  demands  of  the  more  difficult  piloting  tasks,  and/or 
increase  the  pilot's  ability  to  process  information.  Each  of  these  findings 
could  help  reduce  pilot-factor  mishaps. 

We  can  also  describe  scenarios  where  time-compressed  information  process¬ 
ing  is  not  the  mishap  cause.  For  example,  a  pilot  may  not  be  pushed  to  his 
information-processing  limits;  his  mind  may  simply  be  distracted  from  his  mis¬ 
sion  for  some  unknown  reason. 

More  information  is  required  as  to  how  these  situational  factors  come 
about.  With  such  information,  we  may  discover  commonalities  underlying  pilot- 
factor  mishaps.  Finding  such  common  elements  could  aid  in  discovering 
remedies  for  the  mishaps. 

The  lack  of  more  precise  information  about  the  major  pilot  factors  is  due 
partly  to  the  nature  of  the  major  source  of  data  about  these  factors,  mishap 
investigation  reports.  Two  deficiencies  can  be  identified  in  the  investiga¬ 
tion  process.  First,  the  investigators  don't  have  standard  definitions  of  the 
human-factor  terms  that  are  used  to  label  mishap  causes.  Second,  the  human- 
factor  investigators  are  not  always  well  enough  trained  to  "dig  into"  the 
mishap  to  determine  specifically  what  v«nt  on  in  the  cockpit  prior  to  the 
mishap  or  what  preflight  factor  may  have  led  to  the  mishap. 

Another  problem,  unrelated  to  the  investigation  process  per  se,  is  that 
much  of  the  information  needed  to  determine  what  occurred  in  the  cockpit  prior 
to  the  mishap  can  be  obtained  only  from  the  pilot,  who  is  frequently  a  fatal¬ 
ity. 


Since  mishap  investigations  provide  an  inadequate  source  of  data,  threi 
changes  to  the  investigation  process  are  recommended.  First,  human- factor 
investigators  should  be  given  standard  definitions  of  pilot  factors  that  may 
be  involved  in  aircraft  mishaps.  This  will  provide  reliability  among  investi¬ 
gators.  Second,  the  investigators  should  be  trained  to  explore  mishaps  more 
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careful  ly  in  order  Lu  boarcli  1or  ofnc'  lucfor  c  Liiaf  auiy  irit  I  llie  jcc  ir - 

reiice  of  the  aajor  pilot  facl.or's.  'hitoi,  '.ne  Air  1  orce  shoulo  co'i  ,  i  dt.T'  inves- 
tiyatiny  nedr-i:ii  shaps .  By  lliOoe,  inve; i  putus  would  Do  idU;  to  interview  the 
pilot  to  find  out  spec  i  I  ir -i  1  I  y  whuf  o' —or  red  m  thi:  cocfjsif  to  , -reduce  the 
riear-i;i i  shop . 

Before  concludiny  thib  section,  one  cavedt  should  he  ,j‘Jt  forward.  fhe 
rt'll  wdS  calculated  based  on  the  assuription  that  the  pilot  factor.,  iiosl  fre¬ 
quently  occurring  in  a  laisha;.-  are  the  tiost  '.iii,)orta!it,  pilot-factor  "cuusea"  of 
tiishaps.  This  infererice  to  causality  was  based  nut  only  on  the  frequency  with 
which  these  factors  occur,  but  also  on  the  theoretical  assu.iiption  tfiat  these 
factors  are  indeed  capable  rif  ..'uoin'i  cr  oi  sha;'.  'he  I'lferu.'nce  of  causality 
would  be  even  stronyer'  if  data  were  a,/aildble  concernimj  nonuishdr  flights. 

If  d  pilot  factor  IS  truly  a  "cause"  of  a  ciishap,  it  would  occur  pri¬ 
marily  during  inishafis  but  not  duriru;  nutii:'.  i  sfiair  flights.  However,  nori.mshap 
data  are  not  available,  Se-  we  were  unable  to  see  how  frequently  the  ridjur 
pilot  factors  occurrcl  in  lurnrii  sh.tp  flights.  We  tried  to  i;vercome  this  draw¬ 
back  by  d  statistical  tedinique  involvniq  repiressicn  analysis,  but  this  was 
unsuccessful.  borne  i  u  f  ornat  i  on  on  successful  fligtits  would  be  useful  in  the 
iiverall  process  of  idenli  f  y ; 'ig  pil-d,  fuctns  involved  in  aircraft  iiishaps. 


^a:  -  lar  y 

The  jiurpose  of  this  section  w.'S  tv  'Mur,  order  six  ,;loi  factors,  judged 
by  a  BUM  research  team  t.o  he  ma.j  'r  t.ictors  in  .aistuijis,  in  tin. is  of  the  dollar 
savings  in  misfiap  reduction  to  In;  ruurliae'.;  ny  nest.Mrcfi  into  eacli  factor. 

The  first  stcqi  was  to  . inter  .nine  the  i/ial  d.illar  cost  associated  with 
mishaps  occurring  from  each  of  ffieso  f.ictjrs.  The  lU'rt  stn|.  was  to  determine 
how  effective  research  into  o.icli  area  would  be.  Ihis  was  done  by  reviewing 
[irevious  studies  that  attempted  to  reduce  iir  eln.iinate  aircraft  iiishaps  due  to 
these  factors.  This  literature  review  indicai.ed  that  no  one  pilot-factor  area 
is  more  amenable  to  effective  research  ttian  any  other  area. 

We  concluded,  therefore,  tliat  if  research  v/ere  conducted  into  specific 
pilot  factors,  the  return  on  investiiient  of  this  research  would  be  (iroportional 
to  the  dollar  cost  associated  with  each  of  the  factors.  Iherefore,  the  six 
pilot  factors  identified  by  tiie  BUM  reseurc  tiers  were  rank  ordercxl  in  terms  of 
anticipated  return  on  investment. 


!■;.  HUMAN-FACTOR  AVIATION  TECHNOLOG  I LS 


The  purpose  of  this  section  Is  to  identify  and  describe  tiu.idc-f jc i or 
technologies  in  avidtion  that  are  applicable  to  the  prevention  of  pi  I ot- f ac to' 
■iiishaps.  We  will  review  some  inputs  of  Section  II  to  define  pilot  factors  m 
mishdi's,  list  aviation/hunian-factor  technologies  previously  applied  to  nishaj- 
prevention  by  article,  and  select  most  promising  technologies  available  with 
regard  to  the  major  pilot  factors. 

Here  technology  is  defined  as  a  research  procedure  designed  to  establish 
causal  relationships  between  selected  pilot  factors  and  aircraft  mishaps. 
Hard  technologies  include  actual  machines  that  augment  hu.ian  performance,  such 
as  simulators  and  instrument  warning  systems.  Soft  technologies  include 
behavioral  techniques  such  as  questionnaires  and  stress  indices  to  study  huiia-' 
probl ems . 

The  interrelationship  between  the  hard  and  soft  technologies  is  important, 
in  studying  pilot  factors  in  aircraft  mishaps.  For  example,  using  a  hard 
technology  such  as  the  NASA/Langley  Visual  Motion  Simulator  (VMS)  in  a  labora¬ 
tory  environment  to  familiarize  the  pilot  with  the  sensation  of  disorientation 
is  an  important  methodology.  Equally  important  is  using  the  workload  opinion 
questionnaire  to  identify  the  pilot's  problems.  Both  technologies  can  provide 
the  Air  Force  with  data  to  help  eliminate  mishaps. 


Major  Pilot  Factors  Involved  in  Aircraft  Mishaps 

A  team  of  researchers  examined  a  sample  of  70  aircraft  mishap  investiga¬ 
tions  attributed  partly  or  wholly  to  a  pilot-factor  cause.  These  mishaps 
represented  85%  of  all  pilot-factor  mishaps  for  the  period  1977-78  and 
included  fighter,  attack,  and  trainer  aircraft.  The  researchers  read  through 
the  mishap  reports  and  coded  pertinent  information  about  the  mishap  on  coding 
sheets  such  as  that  appearing  in  Appendix  B. 

To  guide  their  judgments,  the  researchers  were  given  specific  definitions 
of  a  number  of  pilot  factors.  Also,  to  provide  a  reliability  check  on  tiieir 
judgments,  the  researchers  were  instructed  to  record  the  pilot  factors  that 
the  Air  Force  investigators  of  the  mishap  had  judged  to  be  involved.  Section 
II  describes  more  fully  the  method  in  which  the  data  were  acquired. 

The  results  of  this  arialysis  yielded  eight  pilot  factors  that  ai.'peared  in 
.nore  Liian  10%  of  the  mishaps  examined.  These  included  apprehension,  channel¬ 
ized  attention,  disorientation/vertigo,  distraction,  excessive  motivation  to 
succeed,  overconfidence,  stress,  and  visual  illusion. 

These  pilot  factors  are  defined  as  follows: 

•  Ap^irehensi on  -  A  psychosocial  phenomenon  that  results  fran  the  anx¬ 
ious  anticipation  of  a  flight  mission  by  the  (lilot.  This  becomes  a  problem 
when  the  inlot's  apiirehension  precludes  his  concentration  on  vital  flight 
tasks . 
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•  Channelized  Attention  -  A  behavioral  phenomenon  that  occurs  when  a 

pilot's  ful  1  attention  Ts  Focused  on  one  stimulus  to  the  exclusion  of  all 
others.  This  becomes  a  problem  when  the  pilot  falls  to  perform  tasks  or  pro¬ 
cess  Information  of  a  higher  or  more  iimiedlate  priority  and  thus  falls  to 
notice  or  has  no  time  to  respond  to  cues  of  Impending  disaster. 

•  Disorientation  -  A  loss  of  one's  pi  ace- in-space  that  occurs  when  a 

pilot's  perception  of  the  aircraft's  attitude  or  motion  is  incongruent  with 
respect  to  Earth.  This  is  due  to  inadequate  sensory  stimuli,  an  incorrect 
interpretation  of  sensory  stimuli  due  to  limitations  in  sensory  receptors, 
incorrect  selection  of  competing  stimuli,  or  the  absence  of  a  general  cogni¬ 
tive  framework  that  realistically  orients  the  operator  within  his  environment. 

•  Vertigo  -  A  form  of  physiological  disorientation  that  occurs  when  a 
pilot  senses  that  he  or  the  external  world  is  rotating.  Any  form  of  disorien¬ 
tation  becomes  a  problem  when  a  pilot  is  not  aware  of  being  disoriented  and 
responds  according  to  his  incorrect  appraisal  of  the  situation,  or  when  the 
pilot  is  aware  of  being  disoriented  but  is  unable  or  does  not  have  enough  time 
to  correctly  reorient  himself  while  tending  to  other  vital  flying  tasks. 

•  Distraction  -  A  behavioral  phenomenon  that  occurs  when  a  pilot's 
focus  of  attention  on  flying  tasks  is  interrupted  by  a  stimulus  unrelated  to 
those  tasks.  This  becomes  a  problem  when  the  pilot  fails  to  refocus  attention 
on  flying  tasks  of  higher  or  more  imnediate  priority  in  ti.iie  to  recognize  and 
respond  to  cues  of  impending  disaster. 

•  Excessive  Motivation  To  Succeed  -  A  personality  characteristic  that 
predisposes  a  pilot  to  set  unreal istically  high  standards  for  himself  and  to 
try  to  perform  tasks  for  which  he  is  knowingly  ill-prepared.  This  becomes  a 
problem  when  mission  success  is  afforded  a  higher  priority  than  caution,  judg¬ 
ment,  or  known  restrictions. 

•  Overconfidence  -  A  personality  characteristic  that  a  pilot  may 
develop  with  experience  or  with  positive  reinforcement  during  training.  It 
predisposes  the  pilot  to  overestimate  (lersonal  ability,  the  ability  of  others, 
and/or  the  ability  of  the  aircraft.  It  becomes  a  problem  when  the  pilot 
attempts  to  perform  tasks  that  exceed  personal  or  aircraft  capabilities. 

•  Stress  -  A  heightened  psychophysiol ogical  response  state  experienced 
when  a  pilot  perceives  that  the  workload  demands  of  the  flight  may  exceed  his 
capabilities  and  that  the  successful  completion  of  the  flight  is  thus  threat¬ 
ened.  In  such  a  situation,  the  pilot's  adaptive  mechanisms  become  severely 
taxed.  Problems  arise  when  his  adaptive  mechanisms  are  taxed  to  the  point 
that  they  collapse  and  the  pilot  is  unable  to  meet  the  workload  demands  of  the 
f 1 ight . 


•  Visual  Illusion  -  A  false  visual  perception  experienced  by  a  pilot 
which  is  a  result  of  his  misinterpretation  of  a  real  visual  image  or  is  a 
fabrication  of  a  visual  image.  This  becomes  a  problem  when  a  pilot  is  misled 
by  the  visual  illusion  or  distracted  to  the  point  that  he  fails  to  refocus  hi-, 
attention  on  the  flying  tasks  in  time  to  recognize  and  respond  to  cues  of 
impending  disaster. 
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With  the  exception  of  overconfidence  and  excessive  motivation  to  succeed, 
these  factors  are  typically  situational  factors.  In  an  aircraft  they  become 
critical  because  the  pilot's  time  to  respond  to  situational  demands  is  brief, 
therefore,  the  t i me- compressed  information-processing  nature  of  the  pilot  task 
is  what  makes  tnese  situational  factors  problematic. 

Studying  time-compressed  information  processing  may  lead  to  ways  to 
identify  a  pilot's  maximum  information-processing  capability  to  reduce  the 
information-processing  demands  of  the  more  difficult  piloting  tasks,  and/or  to 
increase  the  pilot's  ability  to  process  information.  Each  of  these  findings 
could  help  reduce  pilot-factor  mishaps. 

Given  the  potential  impact  of  the  time-compressed  infonaation-processiny 
factor  on  the  mishap  process,  aviation  technologies  regarding  this  factor  will 
be  identified,  as  with  the  other  eight  pilot  factors.  Time-compressed  infor¬ 
mation  processing  is  defined  as  follows; 

•  TCIP--Immedidte  assimi 1 ation  of  information  received  so  that  response 
can  be  made  within  appropriate  time  limits.  This  becomes  a  problem  when  the 
time  needed  to  perforin  some  critical  task  approaches  or  exceeds  the  time 
available  because  of  other  mission  constraints. 


Identification  of  Aviation  Technologies 

Various  aviation  technologies  related  to  pilot  factors  in  aircraft  mis¬ 
haps  were  identified  in  a  systematic  literature  review.  As  for  Section  II, 
the  articles  reviewed  for  this  section  were  obtained  from  a  thorough  search  of 
the  overall  literature  on  aviation  safety.  Appendix  A  describes  the  search 
strategy  and  contains  annotated  references. 

A  standardized  review  form  (Appendix  B,  Exhibit  B-^^)  provided  an  easily 
accessible,  systematical ly  organized,  and  thorough  abstract  for  each  study. 

Articles  chosen  for  review,  based  on  their  significance  to  pilot  factors 
related  to  mishaps,  are  outlined  in  Figure  3.  The  figure  cross-references  t‘ 
articles  to  the  particular  pilot  factors  which  they  investigated.  For 
instance,  Article  1  (Alnutt,  3),  "Investigation  of  Pattern  Recognition  of  Air¬ 
craft  Attitude  Indicator  Displays,"  utilizes  the  Fourier  Transformation  Model 
(FTM)  to  evaluate  and  classify  atti tude- indicator  displays.  Spatial  disorien¬ 
tation,  vertigo,  and  visual  illusion  can  be  studied  by  using  the  FTM  tor 
pattern-recognition  problems.  Results  of  this  experiment  show  that  fixed  and 
moving  horizon  displays  are  mapped  into  opposite  halves  of  the  linear  decision 
space.  This  was  the  basis  for  predicting  that  human  operators  may  commit 
errors  of  reversal  when  using  the  moving  horizon  display. 

For  this  study,  the  technologies  have  been  grouped  into  two  iihases  of 
appl ication--didgnostic  and  remedial.  Diagnostic  measures,  used  to  identify 
and  define  specific  pilot  factors  related  to  aviation  mishaps,  are  designed  to 
analyze  the  individual's  (lerformance  and  provide  information  on  the  causes  of 
difficulty.  Remedial  measures  are  applied  to  the  identified  problem  in  an 
attempt  to  reduce  its  severity.  In  this  report,  specific  instruments  or  pro¬ 
cedures  within  diagnostic  and  remedial  technologies  will  be  called  teciinigues. 
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Figure  3.  Matrix  of  human  factors/aviation  technologies--Literature  review. 
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(continued  1 


Figure  4  is  a  breakdown  of  specific  techniques  now  being  applied  to  major 
pilot  factors;  it  can  be  used  as  a  ready  reference  for  techniques  suited  to 
diagnose  and  remedy  pilot  factors  in  aircraft  mishaps.  The  figure  shows  three 
broad  diagnostic  technologies--questionnaires/interviews,  physiological  mea¬ 
sures,  and  simulators.  Simulators  can  also  be  used  as  remedial  techniques 
applied  to  training.  The  following  discussion  more  fully  describes  these 
technologies  and  discusses  some  specific  techniques. 

Diagnostic  Technol  ogies--0i agnostic  technologies  provide  information 
regarding  a  pilot's  sociopsychol ogical  and  physiological  baseline  state.  Pre¬ 
sent  operational  ability  and  skill  level  can  be  determined  by  psychological 
assessment  using  measures  such  as  questionnaires  and  interviews;  physiological 
measures  such  as  fatigue  data,  sleep  logs,  heart  rate,  and  urine  samples;  and 
simulators  with  tests  designed  to  measure  performance  during  actual  working 
tasks . 


1.  Psychological  Assessment.  One  survey  technique  that  can  be  used  to 
assess  pilot  performance  is  a  questionnaire.  Because  of  the  relative  ease  and 
speed  with  which  it  can  be  administered,  tne  questionnaire  has  definite  advan¬ 
tages  in  survey  research;  it  saves  both  time  and  expense.  This  technique  can 
be  aimed  at  obtaining  factual  data  as  well  as  opinions,  impressions,  or  esti¬ 
mates.  The  written  questionnaire  may  be  regarded  as  a  substitute  for  the  per¬ 
sonal  interview.  The  disadvantages  of  the  questionnaire  lie  in  the  uncer¬ 
tainty  of  obtaining  replies  and  in  the  difficulty  of  extracting  reasons  behind 
responses;  there  is  no  opportunity  for  an  interviewer  to  probe  the  respondents 
and  clarify  opinions,  perceptions,  and  misconceptions. 

In  a  survey,  the  most  common  and  effective  means  of  obtaining  the 
necessary  data  is  the  personal  interview.  It  allows  the  interviewer  to  gain 
in-depth  information  fran  the  interviewee.  Detailed  plans  must  be  made  to 
minimize  bias.  Use  of  structured  interview  techniques  is  expensive  and 
hampered  by  time  contraints. 

Paper  and  pencil  tests  and/or  interviews  have  been  used  to  determine 
psychological  profile,  information-processing  capacity,  aircraft  preference, 
and  assessment  of  aircraft-handling  capability.  Although  Krause  (3U)  pre¬ 
sented  no  data  as  to  the  actual  effectiveness  of  the  psychological  profiles, 
the  information  is  useful  in  applying  psychological  principles  to  aviation 
safety.  Emphasis  is  on  the  salient  psychological  attributes  of  the  pilot. 
These  tests  provide  necessary  information  regarding  a  behavioral  framework  to 
motivate  the  pilot  toward  flight  safety. 

The  SAM  stress  battery,  for  example,  is  administered  to  evaluate 
anticipatory  stress  and  mild  flight  stress  (Smith  and  Matheny,  52).  This 
stress  battery  appears  to  be  a  useful  addition  to  flight  instrumentation  in 
assessing  pilot  workload  as  it  applies  to  designing  more  effective  cockpit 
displays.  When  administered  1  hour  prior  to  each  flight  and  30  minutes  after 
each  flight,  the  SAM  stress  battery  is  valuable  in  assessing  subjective  pilot, 
fatigue  by  questionnaire  methods.  Technical  understanding  and  adequacy  ol 
training  programs  are  measured  through  questionnaires  and  observational  tech¬ 
niques  (King  and  Eddowes,  27;  Matheny,  32;  Mowbray,  33).  Posttraining  inter¬ 
views  identify  pilots'  problems  related  to  safety,  training  methodology,  skill 
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level,  and  instructor  adequacy.  Information  on  human  engineering  and  safety 
deficiencies  in  cockpit  design  can  also  be  gathered  to  provide  a  valuable  data 
base  for  relative  incidence  of  human-factor  problems. 


2.  Physiological  Measures.  These  measures  are  concerned  with  the  rela¬ 
tions  between  behavior,  anatomy,  and  physiology.  The  physiologic  data  are 
used  to  detect  the  relationship  between  some  physiological  condition  and 
changes  in  behavior.  Respiratory,  auditory,  visual,  and  nervous  systems  all 
respond  to  changes  in  physical  environment.  Performance  degradation  is 
related  to  fluctuations  in  these  physiological  systans.  Postflight  urine  sam¬ 
ples  and  in-flight  monitoring  of  pilot  heart  rates  are  used  to  measure  stress 
and  apprehension  (Mowbray,  33;  Hasbrook  et  al.,  22).  Both  assess  flight 
stress  and  fatigue  as  a  function  of  workload.  Recent  studies  in  the  area  of 
voice  stress  analysis  have  used  voice-signal  instruments  to  measure  operator 
workload  (Stodola,  53);  stress  ratings  in  speech  were  correlated  with  perfor¬ 
mance  scores.  Information  on  subjective  level  of  fatigue  and  loss  of  slee() 
are  collected  before  and  during  the  airborne  missions  (Storm  and  Hapenney, 
55).  These  data  provide  the  pilot  and  groundcrew  with  baseline  information  to 
refine  procedures  and  analytical  techniques  when  preparing  for  demonstration/ 
evaluation  of  new  and  modernized  equipment.  Information  obtained  fran  these 
various  physiological  measures  helps  in  understanding  causal  factors  such  as 
fatigue  and  overt  hypertension  due  to  time-compressed  information  processing, 
apprehension,  and  stress. 

3.  Simulators.  The  value  of  aircraft  simulators  as  diagnostic  tools  is 
their  ability  to  reduce  cost,  improve  efficiency,  and  heighten  the  effective¬ 
ness  of  pilot  performance.  Transfer  effects  to  actual  aircraft  flight  are 
normally  positive.  Simulator  testing  allows  close  maintenance  and  assessment 
of  pi  lot  proficiency. 

Using  simulators  as  a  diagnostic  tool  to  measure  pilot  performance 
includes  such  applications  as  establishing  a  median  response  time  (MRT) 
index.  This  test  measures  residual  attention  as  a  function  of  a  primary  task 
(one-dimensional,  compensatory  tracking)  and  a  secondary  task  (choice  reac¬ 
tion).  It  also  measures  the  time  necessary  to  react  to  a  secondary  stimulus 
(Collins,  10). 

Simulators  are  the  primary  vehicle  for  direct  testing  of  pilot  per¬ 
formance.  They  may  be  used  to  investigate  gimbal  order  systems  (roll -pitch, 
yaw-pitch,  and  pitch-yaw)  as  they  affect  pilot  disorientation  (Williges  and 
Wierwillie,  57).  Gimbal  order  negatively  affects  target  detection,  recogni¬ 
tion,  and  identification  performance;  it  also  increases  operator  workload 
during  target  detection,  recognition,  and  identification  responses.  In  both 
cases  the  roll-pitch  has  been  the  worst. 

Simulators  must  not,  however,  be  viewed  as  the  universal  panacea  to 
all  flight  training  problems.  No  matter  how  realistic  the  simulation  is,  it 
is  still  only  a  simulation.  The  actuality  of  catastrophic  failure  resulting 
in  loss  of  life  simply  does  not  exist.  Some  aviators  believe  that  without 
this  real-world  factor,  involvenent  in  simulator  training  will  not  be  total 
and  therefore  the  training  may  not  be  as  effective  as  training  in  flight. 
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A  host  of  studies  have  been  conducted  to  letid  su()port  to  tiie  trcuis- 
ter-of-traininy  hypothesis.  The  general  results  are  supportive  of  transfer, 
with  effectiveness  varying  directly  with  fidelity.  No  matter  tiow  much 
researcii  support  there  is,  however,  training  effectiveness  of  a  simulator  will 
not  be  enhanced  if  the  pilot  does  not  accept  the  result  of  the  research. 

Future  work  in  the  area  of  simulation  effectiveness  should  emphasize  the  s  r  lu- 
lation  of  positive  and  negative  results  of  pilot  behavior.  for  exuinple,  a 
schedule  of  reinforcement  could  be  constructed  to  reward  the  pilot  for  good 
performance  and  penalize  him  for  poor  performance  in  the  SMiulator.  Cur¬ 

rently,  all  reinforcement  for  simulator  training  is  internal  and  based  on 
oride  of  accomiil i shment .  Perhaps  simulator  competition  among  pilots,  based  on 
this  inherent  pride  coupled  with  meaningful  schedule  of  rewards  and  iiunisli- 
iiient,  may  offset  the  distrust  of  simulator  effectiveness  present  in  a  small 
segment  of  the  pilot  population. 

Pilot-warning  instruments  (PWl)  have  been  used  to  test  channelized 

attention  and  time-compressed  information  jirocessing  (Graham,  Hj.  The  Pwl 
alerts  the  pilot  to  the  presence  of  potentially  threatening  aircraft  and 
thereby  increases  his  probability  of  detecting  threat  environments.  ITie 
pilot's  behavior,  as  it  relates  to  the  simulated  stiiiiuli,  requires  furtfier 

study.  The  rel ationshi ps  between  the  nature  of  the  alarm  system  and  pilot 
performance  are  soaie  human-factor  considerations  in  PWI  design. 

Pecognilion  of  disorientation  and  vertigo  can  be  tested  by  using  a 

:iiotor-dri ven  rotating  chair  to  si:iiulate  aircraft  motion.  The  [lilot  is  asked 
to  indicate  turning  rate  and  direction,  as  well  as  to  report  his  sensations 
(Collins,  11).  The  pilot  becomes  familiar  with  the  sensations  associated  witii 
disorientation.  Other  pilots  observe  the  process  and  subsequent  behavior  and 
report  their  reactions. 

Diagnostic  technologies  are  designed  to  measure  a  pilot's  overall 
performance  under  varying  conditions.  Ihis  testing  pro'  ides  data  that  may  be 
used  to  modify  existing  training  programs,  funct ional 1>  »'edesign  equipment  to 

eliminate  and/or  reduce  pilot  error,  and  determine  psychological  and  [ihysiolo- 
gical  states.  The  literature  review  (as  illustrated  in  tig.  4)  indicated  tnat 
many  pilot  factors  do  irit  tiave  associated  diagnostic  technologies  readily 

dvai 1  able. 

Peiiied  id  1  technologies-  -  Tectiriol  og  ies  tfiat  aiay  actually  (irovide  solutions 
to  human- factor  proble.ns  in  aircraft  .nishaps  are  categorized  as  remedial  ti'ch- 
nologies.  Tiiese  include  training  and  simulators.  Ttie  fiurpose  of  idenit  i  ty  i  ng 
such  tectinol  og  1  es  is  to  enharice  pilot  awareness  and  performance  ttirougii  train¬ 
ing  and  use  of  simulators.  Both  have  immediate  practical  aiiplication  to  tite 
pilot's  job  and  augment  his  aliility  to  perfonii  in  a  safe  nanner. 

1.  Tra  i  ni  ng .  To  be  at  its  best,  aiost  performance  .iiust  be  enhanced  by 

trdining--providing  the  pilot  witti  ttie  knowledge,  skill,  or  attitude  needed  to 
perfonii  at  an  expected  standard.  Kemedial  training  improves  individual  (ler- 
formance  by  enhancing  an  operator's  ability  to  use  tools,  methods,  and  pro¬ 
cesses  in  a  systematic  manner. 

Hesearch  indicates  that  undergraduate  and  pref  light  training  (irol)lrms 
are  generally  related  to  student  attitude  toward  the  overall  training  I'l  o- 
yram.  Skill  acquisition  is  directly  related  to  the  orient.ation  (irogram,  level 
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of  confidence,  <ind  instructor/sLudent  jjilol  rel  at  iorish  i  ps  (Kiny  and  Lddowes, 
21).  Post-fl  ight-school  training,  on  the  other  hand,  is  iiiore  specific  in 
nature  and  results  in  upgraded  response  times.  Two  levels  of  specificity  pro¬ 
vide  the  pilot  with  training:  first  at  the  basic  needs  level,  and  later,  with 
,uore  experienced  pilots,  at  the  specific  skill  level. 

Pilots'  ground  training  in  stalls  and  spins,  even  the  awareness  of 
these  factors,  has  a  positive  influence  toward  reducing  inadvertent  stalls  and 
spins.  One  study  (Hoffman  and  Hollister,  23)  identified  weaknesses  of  present 
training  methods  used  in  spins  and  stalls;  actual  in-flight  training  was 
deemed  most  helpful  in  dealing  with  this  phenomenon. 

2.  Siiiiul  ators .  Simulators  are  used  extensively  to  train  for  responses 
to  situations  likely  to  occur  during  actual  mission.  Most  studies  indicate 
that  learning  takes  place  and  transfers  positively  to  the  operational  environ¬ 
ment.  Effectiveness  of  simulator  training  depends  mostly  on  the  training  pro¬ 
cedures  (Hopkins,  24).  Other  factors  alleged  to  influence  tlie  effectiveness 
of  simulators  vary  in  their  demonstrated  importance,  however,  and  the  trans¬ 
ferability  of  simulator  motion  training  to  actual  flight  training  has  been 

guestioned.  Simulators  do  cost  less  to  acquire,  operate,  and  maintain  than 
their  counterpart  aircraft,  and  are  effective  training  technologies. 

Simulation  of  flight  exercises  is  easy  to  control  in  terms  of  cost 
and  error  rate.  For  example,  the  Operational  Flight  Trainer  (OFT)  is  used  to 
train  student  pilots,  co-pilots,  and  flight  engineers  on  both  noiiiinal  and 

emergency  aircraft  operating  procedures  (Robins  and  Ryan,  40).  Computer 
equipment  in  the  Weapons  Systems  Trainer  (utilized  in  conjunction  with  the 
OFT)  records  the  effects  of  operator  performance  at  varying  crew  stations. 
These  are  monitored  by  the  instructor  who  can  "freeze"  the  simulated 
conditions  at  any  time  during  the  conduct  of  training.  This  allows  the 

instructor  to  stop  the  training,  discuss  and  correct  erroneous  performance, 

and  either  reset  the  same  situation  or  continue  with  the  simulation  exercise. 


Discussion 

This  section  deals  prtiiiarily  with  the  apiilication  of  specific  technolo¬ 
gies  described  in  the  research  study.  Lach  identifie’  pilot  factor  is  dis¬ 
cussed  with  regard  to  1)  the  direct  application  of  technologies  to  the  causal 
factors  in  aircraft  accidents,  and  2)  selected  technologies  that  are  available 
for  immediate  application.  Figure  4  indicated  the  most  plausible  techniques 
to  be  applied  to  the  identified  pilot  factors.  These  techniques  will  be  dis¬ 
cussed  here  only  as  representative  samples  of  diagnostic  and  remedial  tech¬ 
nologies.  In  Section  V,  as  they  are  developed  into  specific  programs,  the 
techniques  will  be  applied  to  the  major  pilot  factors  .iiore  directly. 

•  Apprehension--The  level  of  apprehension  exfienenced  by  pilots  is 
measured  by  surveys  (questionnaires/interviews)  and  phys iol og ical  measures, 
riie  Naval  Aviator  questionnaire  and  the  SAM  stress  battery  provide  irifurHiatiun 
as  to  the  pilot's  psychophysioloyical  state  (Mowlbray,  3).  lo  deteniiine 
physiological  condition,  the  pilot's  heartrate  is  Measured  while  in  fligiit.  or 
in  a  laboratory-simulated  environment.  Another  assessment  technique,  the 
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Psycholoyicdl  Stress  Lvdluator  (PSL),  is  used  to  code  voice  siytidls  thdt  cdt: 
be  subjectively  scored  to  medsure  stress  or  apprehension- 1 evel  iJdtterns  in  the 
pilot's  speech  (Schiflett,  4b).  These  patterns  are  also  translated  into  elec¬ 
tronic  equivalents  and  automated  on  a  Varian  73  computer  tor  voice  pattern 
recoynition  analysis.  This  analysis  can  be  applied  to  dfiprehens  i  on  and  str'ess 
in  vM.ol  communication  systems  that  require  operator  workload  assessments. 

Fatiyue  data  and  sleep  logs  provide  additional  data  to  indicate 
expected  level  of  stress  and  apprehension  (Storm  et  al.,  54).  Ihese  tech¬ 
niques  provide  the  investigator  with  subjective  and  objective  data  on  the 
psychophysioloyicdl  state  of  the  pilot.  Attempts  can  then  be  nade  to  deter¬ 
mine  and  reduce  the  causes  of  high  levels  of  stress,  fatigue,  and  apareiien- 
sion.  In  this  way,  the  anxiety  level  involved  in  task  completion  can  be 
iiiinimi  zed. 

The  literature  review  did  not  identity  any  technologies  designed 
specifically  to  reduce  the  effects  of  apprehension.  Diagnosing  the  pruble..!  :s 
fundamental,  but  no  apiiarent  technology  exists  to  eliminate  it  as  a  factor  in 
aircraft  .iiishaiis. 

«  Channel i zed  Attention--Tactors  that  commonly  increase  ttie  degree  to 
which  a  pierson  attends  to  stimuli  are — 

(1)  motivational  character! sties  of  the  individual, 

(2)  moveiient  of  stimuli,  and 

(3)  contrast  of  the  stimuli  with  overall  (background)  conditions. 

A  variety  of  techniques  have  been  used  to  study  the  causes  of  chan¬ 
nelized  attention.  These  include  comparison  of  the  Performance  Control  System 
(PCS)  and  the  conventional  flight  control  with  subsequent  questionnaire  assess¬ 
ment  (Bergman,  6).  With  the  PCS,  flight  error  scores  were  reliably  lower  than 
with  the  conventional  aircraft  controls.  Pilots  showed  a  moderate  preference 
for  the  PCS.  With  further  development,  the  PCS  may  become  a  reliable  method  of 
remedying  channelized  attention. 

The  instrument  panel  design  interview  and  the  Naval  Aviator  question¬ 
naire  (Hasbruok,  22;  Mowibray,  33)  have  been  used  as  survey  techniques,  both 
request  information  as  to  the  pilot's  iristrument-scanniny  capability.  The  idea 
of  a  simplified  instrument  panel  design  vias  favorably  received  by  the  pilots, 
as  indicated  in  an  instrument-panel-desiyn  interview.  Human-factor  deficiency 
data  in  cockpit  design  can  be  identified  with  the  Naval  Aviator  questionnaire, 
tliminating  confusion  in  the  instrument  panel  design  will  reduce  the  possibil¬ 
ity  of  pilots  experiencing  channelized  attention  due  to  unfami 1 lar i ty  and  con¬ 
fusion  with  cockpit  displays. 

In  addition,  a  variety  of  simulated  environments  can  create  a  range 
of  scenarios  designed  to  induce  channelized  attention.  In  this  way,  the  fac¬ 
tors  contributing  to  channelized  attention  can  be  isolated  and  removed.  Tlu‘ 
median  res[)onse  time  (MKT)  index  measures  residual  attention  by  testing  a  pr  i - 
mary  task  (one-dimensional,  compensatory  tracking)  and  a  secondary  task 
(choice  reaction)  (Demos,  14).  An  MRT  measures  time  to  react  to  the  second.icy 
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task.  Fidelity  and  motion  studies  and  response- time  analyses  all  provide 
additional  simulated  situations  to  diaynose  or  remedy  channelized  attention  as 
a  factor  in  pilot  errors  (Collins,  11;  Levison  et  al.,  31;  North  and 
Graffunder,  3b). 

Remedial  techniques  with  regard  to  training  include  various  colli¬ 
sion-avoidance  methods  which  familiarize  the  pilot  with  channelized  attention 
data  (Israel  et  al.,  Zb).  These  collision-avoidance  devices  provide  the  pilot 
with  information  to  augment  current  ground  systems.  By  automatically  monitor¬ 
ing  and  checking  for  possible  collisions,  the  channel i zed-attention  factor  in 
midair  collisions  is  reduced. 

Certain  simulators  have  proven  effective  in  familiarizing  the  pilot 
with  channel i zed-attent ion  dangers.  The  Operational  Flight  Trainer,  which 
contains  the  Weapons  Systems  Trainer,  separates  skills  required  for  aircraft 
operation  from  submarine  detection,  tracking,  and  destruction  (Robins  and 
Ryan,  40).  This  particular  simulated  flight  environment  allows  the  instructor 
the  flexibility  to  interrupt  a  situation  long  enough  to  discuss  and  correct 
erroneous  behavior. 

All  of  these  techniques  help  the  pilot  recognize  and  be  familiar  with 
the  effect  of  channelized  attention.  Recognizing  specific  signals  or  signs 
will  ultimately  decrease  the  occurrence  of  channelized  attention. 

•  Disorientat ion- -Awareness  of  and  correct  response  to  disorientation 
requires  proper  training  and  recognition.  Techniques  to  be  applied  to  spa¬ 
tial  disorientation  in  pilots  include  questionnaires  discussing  the  phenome¬ 
non,  such  as  the  Naval  Aviators  questionnaire  (33).  This  questionnaire  is 
open-ended  in  four  major  categories:  1)  controls  and  primary  tactile  functions; 
2)  displays  and  primary  visual  functions;  3)  psychological  factors;  and  4) 
miscellaneous  factors.  Though  used  primarily  to  gather  human-factor  data  on 
cockpit  design,  the  questionnaire  deals  specifically  with  operator  inefficiency 
as  a  function  of  safety  concepts.  Motion-related  displays  as  they  aid  in 
visual  functions  are  tested  for  adequacy  in  this  questionnaire. 

Questionnaires  designed  to  evaluate  the  adequacy  of  pilot  training 
in  disorientation  are  also  available  (Collins,  10).  Significantly,  one-third 
of  the  respondents  in  Collins'  study  found  their  disorientation  training 
inadequate,  usually  due  to  a  lack  of  appropriate  materials,  aids,  and  informa¬ 
tion.  This  questionnaire  could  be  utilized  as  a  diagnostic  or  remedial  mea¬ 
sure. 

Simulated  laboratory  exercises,  such  as  with  the  Link  GAT-2  attitude 
display  and  the  Vertigon,  are  available  to  test  a  pilot's  awareness  of  dis¬ 
orientation  (Bateman,  4;  Beringer  et  al.,  7;  Collins,  10).  These  simulations 
deal  with  the  issue  of  perceptions  and  classification  of  attitude,  roll  rate, 
and  symbol  response  times.  The  Link  GAT-2  attitude  display  helps  detect 
deflections  in  attitude  and  provides  control-compatible  prediction  indications 
of  flight-attitude  changes.  Conventional  moving  horizon  displays  are  retained 
during  the  presentation.  The  motor-driven  rotating  chair,  Vertigon,  and  modi¬ 
fied  Link  Trainer  all  familiarize  the  pilot  with  the  sensation  of  disorienta¬ 
tion  and  fidelity/motion  information.  Fheir  data  provide  the  pilot  with  per¬ 
sonal  processing  capabilities  when  confronted  with  disorientation. 
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*  Pi  slrdCl:ion--\/ery  little  lias  been  reported  in  the  area  of  .iloL  -iis- 
tracLion.  No  technoloyies  to  prevent  distraction  were  identified  froi  •.  hu 
literature  review.  Obvious  deficiencies  e<ist  in  diagnostic  techno  1 oy i es  ‘o 
deal  with  response  to  and  recognition  of  stimuli  outside  task-rel  atcxJ  res,'on- 
sll)ilities.  'urther  techniyues  need  to  be  identified  to  eliminate  ttHi  pru;;- 
I  ei:i. 

Studies  were  identified  that  dealt  with  the  use  of  steady  lights  dj 
opposed  to  strobe  lights  on  instrument  panels  (Read,  38).  The  objective  was 
to  test  the  alternatives  and  identify  the  most  nonobstructive  instrument  dis¬ 
play.  Visual  performance  seemed  to  be  better  when  peripheral  strobe  lights 
were  used  (Schwank,  47).  It  was  determined,  however,  that  steady  light  indi¬ 
cators  used  for  heading  deviations  should  not  be  detrimental  to  the  ,11  lot's 
performance.  When  light  indicators  were  not  functioning  properly,  however, 
the  pilot's  ability  to  respond  was  distracted  away  from  other  aircraft  instru¬ 
ments. 

Distraction  can  also  be  used  in  a  positive  sense.  Strobes  -lounted  on 
aircraft  were  [iroposed  as  a  means  of  positively  distracting  [ii  lot's  attention 
trom  regular  duties  to  the  possibility  of  a  midair  collision  (Read,  38).  No 
real  technology  is  available  to  measure  or  systematically  study  pilot  distrac¬ 
tion.  Time  estimation,  a  technique  for  measuring  workload,  has  been  usckI  with 
limited  success.  This  technique  requires  subjects  to  estimate  time  lapses 
while  performing  a  series  of  tasks.  Investigators  then  observe  the  effects  o1 
these  tasks  on  subjects'  (lerceptions  of  time.  More  definition  is  needed,  how¬ 
ever,  of  the  types  of  tasks  that  arc  most  appropriate  for  this  nethod  of 
investigation, 

»  Excessive  Motivation  To  Succeed--Personal i ty  variables  that  impact  on 
pilot  performance  can  be  measured  by  the  DPT  Attrition  Study  Questionnaire  and 
psychological  test  batteries  (Levison  et  al.,  31;  Krause,  30).  The  purpose  of 
such  examinations  is  to  uncover  the  salient  psychological  attributes  of  a 
liilot  and  thereby  provide  a  behavioral  framework  from  which  to  iiiotivate  that 
pilot  to  a  safe  level. 

A  miriinidl  amount  of  study  has  been  completed  on  excessive  motivation 
to  succeed.  Air  combat  mission  experience,  as  it  relates  to  performance 
assessment  during  air-to-air  combat,  has  provided  many  unique  measurement 
problems  (Israel  et  al.,  3b),  A  list  of  measures  was  developed  to  discrimi¬ 
nate  between  high-  and  low-skilled  pilots.  The  questionnaire  and  interview 
technique  was  useful  in  analyzing  performance,  though  designed  to  determine 
skill-level  data.  This  system,  however,  is  not  ready  for  impl emen ta 1 1  on  or 
operational  use. 

•  Overconf idence--Dvercorif idence  is  defined  as  unrealistic  belief  in 
aircraft  ability  or  in  one's  own  ability  as  a  pilot,  and  manifests  itself  m 
unnecessary  risk  taking.  To  minimize  this  behavior,  a  psychological  test  bat¬ 
tery  can  be  administered  along  with  a  questionnaire  to  determine  the  pilot's 
evaluation  of  his  training  (Collins,  10;  Krause,  30).  These  psychological 
profiles  [irovide  a  theoretical  fra.iiework  that  should  motivate  pilots  to  act 
safely,  a  theory  derived  from  positive  and  negative  reinforcement  and  punish¬ 
ment.  Attitudes  toward  the  amount  of  training  received  may  also  indicate  a 
pilot's  propensity  to  be  overconfident  about  himself  and  the  aircraft.  The 


Lest  battery  indicates  the  jjilot’s  perceptions  of  jiersonal  ability  and  trie 
adequacy  of  the  training  received,  but  further  study  is  needed  to  identity 
diagnostic  and  remedial  techniques. 

•  Stress--Pi I ot  stress  can  be  measured  in  a  variety  of  ways.  As  men¬ 
tioned  earl ler ,  established  survey  instruments  such  as  the  psychological  test 
battery.  Naval  Aviation  questionnaire,  and  SAM  stress  battery  are  helpful 
(Krause,  30;  Mowibray,  33;  Smith  and  Matheny,  52).  These  instruments  provide 
data  on  the  level  of  information  (rocessing  that  a  pilot  can  handle.  Meas¬ 
uring  the  perceived  workload  demands  by  psychological  questioning  and  inter¬ 
viewing  helps  determine  if  the  pilot  is  being  tasked  beyond  his  capability  to 
complete  a  mission  successfully.  Physiological  measures  such  as  heart  rate, 
urine  samples,  and  fatigue  data  may  also  be  used  (Smith  and  Matheny,  52; 
Savage  et  al.,  45).  These  factors  are  helpful  if  used  in  conjunction  with 
other  measurement  techniques.  Reliable  data  may  also  be  identified  by  voice 
stress  analysis  (Schiflett,  46).  Though  not  proven  conclusively,  correlations 
a()parently  exist  between  the  level  of  voice  stress  and  performance.  The 
results  might  also  be  applied  to  measure  stress  in  vocal  coiimunication  systems 
that  require  operator-workload  assessment. 

Simulated  laboratory  tracking  tasks  are  also  used  to  measure  stress 
(Levison  et  al.,  31)  and  can  be  used  to  desensitize  the  pilot  to  external 
stress  and  lower  the  level  of  excitability.  For  example,  familiarity  with 
roll-axis  and  steady-state  tracking  situations  may  be  helpful.  The  objective 
IS  to  make  the  pilot  aware  of  unfavorable  attitudes  so  that  the  responses  in 
stressful  environmental  situations  do  not  become  excessive. 

No  techniques  to  remedy  stress  were  identified  in  the  literature. 
Most  studies  deal  with  determining  if  stress  exists  and  in  what  specific  ways 
it  is  manifested  in  pilot  behavior.  More  anphasis  needs  to  be  placed  on 
eliminating  the  problem  psychologically  and  physiologically.  The  design  of 
tasks  and  equipment  should  be  sensitive  to  these  problans. 

•  Vertigo--5tudies  in  disorientation  and  vertigo  are  similar,  and  tech¬ 
niques  to  reduce  the  effects  are  essentially  the  same.  Techniques  described 
under  "Disorientation"  are  used  to  familiarize  the  pilot  with  the  sensation. 

Although  most  studies  deal  with  disorientation  and  vertigo  as  the 
same  phenomenon,  BDM  defines  these  two  as  separate,  though  related,  factors 
that  affect  aircraft  mishaps.  Disorientation  is  the  loss  of  one's  place  in 
relation  to  the  ground,  while  vertigo  is  the  sensation  of  rotating.  Both 
problems  can  be  manifested  in  the  same  manner.  In  treating  the  problan, 
fidelity  in  motion  and  stall/spin  instruction  familiarize  the  pilot  with  the 
sensation,  and  help  discriminate  between  the  two  causes.  Also,  using  simula¬ 
tors  to  reinforce  pilot  reliance  on  attitude  displays  may  prove  effective  in 
eliminating  vertigo  as  a  factor  in  aircraft  mishaps. 

•  Visual  1 1  lusion--Misinterpreting  a  real  visual  niiage  or  fabricating 
an  unreal  image  causes  a  pilot  to  become  distracted.  These  false  ixircept ions 
result  in  loss  of  focus  on  the  task  at  hand  and  impede  proper  response. 
Although  proper  response  to  visual  cues  can  be  conditioned,  no  study  identi¬ 
fied  techniques  available  to  eliminate  response  to  visual  illusions. 
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Summary 


The  purpose  of  this  section  was  to  describe  and  identify  aviation  tech¬ 
nologies  that  have  a  potential  for  reducing  or  eliminating  aircraft  mishaps 
Jue  to  .iiajor  pilot  factors. 

The  four  general  technologies  identified  for  use  to  study  and  remedy 
pilot-factor  mishaps  are  1)  questionnaires  and  interviews,  2)  physiological 
measures,  3)  simulators,  and  4)  training. 

Specific  instruments  and  procedures  within  tiiese  broad  technology  areas 
were  examined,  and  their  applicability  to  specific  pilot  factors. 

No  one  technology  is  best  for  application  to  any  given  pilot  factor.  To 
successfully  eliininate  any  pilot  factor,  multiple  technologies  must  be  applied 
in  a  programmatic  fasiiion. 


V.  U.S.  AIR  FORCt  PROGRAMS  OLSIGNlD  10  APPL^  HUMAN-KACrOR  TLCHNOLOGILb 
ro  ACCIDLNT  INVtSriGATION  AND  PRbVLNriON 


The  overall  purpose  of  this  section  is  to  describe  comprehensive  proyrams 
of  research  in  the  domain  of  the  behavioral  sciences  which  will  aid  in  iiives- 
tiyatiny  and  preventiny  aircraft  mishaps  related  to  pilot  factors.  Our  yoal 
has  been  to 

(1)  describe  an  integrated  proyrammatic  approach  to  the  prevention  of 
pilot-factor  mishaps, 

(if)  describe/define  a  general  research  strategy  that  will  guide  the 
application  of  human-factor  technologies  to  prevent  mishaps  related 
to  pilot  factors, 

(3)  delineate  several  specific  research  projects  aimed  at  preventing 
aircraft  mishaps  by  using  techniques  from  high-payoff  areas  of 
investigation,  and 

(4)  propose  the  "best  case"  research  project  witiiin  the  context  of  the 
integrated  programmatic  approach. 


Integrated  Approach  to  the  Invest iyat ion/Prevent ion 
of  Pilot-Factor  Mishaps 

As  indicated  by  literature  reviews  in  the  areas  of  mishap  investigation 
and  human- factor  technologies,  the  field  of  aviation  safety  research  is  in  a 
state  of  disarray.  The  research  is  characterized  by  fragmented  attempts  to 
solve  various  aspects  of  ill-defined  phenomena  that  may  or  may  not  be  trace¬ 
able  as  causal  elements  in  aircraft  mishaps.  Both  our  experience  and  seren¬ 
dipitous  findings  in  other  areas  of  transportation  safety  research  have 
indicated  that  this  disarray  also  pertains  to  ground  and  sea  transportation. 
This  evident  confusion  is  not  solely  the  fault  of  the  researchers.  In  fact, 
transportation  safety  problems  are  difficult  to  solve  mainly  because  they  are 
manifested  in  "rare  events."  For  example,  there  are  approximately  5U,UU0 
highway  traffic  deaths  each  year,  but  this  seemingly  horrendous  figure 
(approximately  equal  to  all  U.S.  Viet  Nam  combat  deaths)  translates  to  3.9 
fatalities  per  100,000,000  vehicle  miles  (Accident  Facts,  19/9*).  Since  the 
average  trip  length  is  approximately  9  miles  (Federal  Highway  Accidents, 
1972*),  one's  probability  of  being  involved  in  a  fatal  accident  on  the  highway 
is  .00000034.  One  major  problem  when  dealing  with  extremely  rare  events  is 
that  they  are  not  amenable  to  the  usual  statistical  manipulation;  i.e.,  they 
are  not  normally  distributed.  This  causes  great  difficulty  in  attempting  to 
calculate  correlations  between  mishap  occurrence  and  assumed  causal  factors. 
To  illustrate  this  point,  in  the  entire  history  of  correlational  studies  in 
traffic  safety,  very  few  psychological  variables  in  the  operator  have  been 
proven  to  be  significantly  correlated  with  the  occurrence  of  an  accident. 


*Person^iiT  communication. 
Institute,  Dec  19/9. 
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We  al  aO  have  ihe  ,iroblea  ot  ^'ublic  acquiescence.  Based  ‘Xi  '.h  '  antaunde  l 
assumption  that  "it  can't  happen  to  me,"  the  American  public  has  tacitly 
accepted  ttiis  "human  sacrifice"  as  the  cost  of  private  auto  Lransportation. 
In  addition,  aatamobile  accident  investiqation  procedures  vary  fr'jm  slate  te 
state  and,  indeed,  frohi  individual  to  individual. 

Military  aviation  has  several  inherent  advantayes  that  make  its  mishap 
problan  more  amenable  to  research  and  development  than  is  automobile  safety. 
First  and  foreiiiost,  investigative  and  remedial  techniques  with  potential  value 
for  reducing  aviation  mishaps  can  be  implemented .  For  automobile  safety  in 
the  civilian  community,  remedies  can  only  Fie  suggested  to  the  state  motor 
vehicle  administration.  In  addition,  the  populalion  of  Air  Force  aviators  is 
much  more  homogeneous  than  the  civilian  driving  population.  This  provides  an 
immeasurable  advantage  in  both  reliability  and  validity  when  developing  new 
investigative  techniques  and  preventive  measures.  Finally,  there  is  a  real 
desire  and  couiiii tment  within  the  Air  Force  to  solve  the  problem  of  pilot- 
factor  mishaps.  Taken  together,  these  advantages  provide  a  jjositive  climate 
in  which  to  undertake  an  effective  research  and  develo[)ment  (irogram. 

The  key  to  effective  reduction  of  pilot-factor  mishaps  is  an  integrated 
program  of  research  that  represents  the  Air  Force  commitment  to  mishap  reduc¬ 
tion.  A  program  such  as  this  requires  three  elements:  1)  a  pilot-factor  mis¬ 
hap  data  collection  system  to  define  causes  in  operational  terms,  ?.)  an  inte¬ 
grated  series  of  research  projects  aiiplying  remedial  technologies  to  the 
identified  pilot  factor,  and  3)  a  computerized  data  base  'management  system  to 
provide  a  communication  link  between  the  investigative  research  and  the  tech¬ 
nology  appl ication. 

The  mishap  data  collection  system  includes  at  least  two  components:  a 
data  collection  form  and  a  pilot-factor  investigator's  checklist  (job  perfor- 
'iiance  aids).  Development  of  the  form  requires  further  refinement  of  tiie 
definitions  of  relevant  [lilot  factors  from  Section  11.  The  form  must  then  be 
a()pl ied  on  a  trial  basis  and  undergo  iterative  "fine  tuning."  Fne  pilot- 
factor  investigator's  checklist  will  require  1)  research  on  error  detection 
and  fault-free  analysis,  2)  specification  of  Air  Force  investigation  technol¬ 
ogies,  and  3)  research  on  real-tiuie  investigator  job  analysis. 

An  integrated  series  of  research  jirojects  (the  product  of  this  current 
research  effort)  are  based  on  standard  proiileui-sol  ution  strategy  and  are  aiiiied 
at  applying  human-factor  technologies  in  the  areas  identified  by  the  iiishap 
data  collection  system.  Fstabl ishment  of  a  jd 1 oL-factor  data  base  to  provide 
communication  between  the  investigation  enhancement  urogram  and  the  technology 
application  research  program  will  require  detailed  front-end  analysis,  review 
of  existing  and  emerging  computer  hardware,  and  an  extensive  system-architec¬ 
ture  effort.  These  three  elements,  when  in  full  operation,  can  be  viewed  as  a 
pilot-factor  mishap  reduction  system  illustrated  in  Figure  h. 

When  operational,  the  system  would  include  an  investigation  enhancement 
program  that  would  constantly  accept  data  from  near-mi siiaps  via  a  near-miss 
hot  line  or  some  other  reporting  method.  Data  regarding  situational,  betiav- 
ioral,  psychological,  and  equipment  variables  would  be  collected,  coded,  and 
stored  in  the  near-.iii shap  data  base.  Ihe  same  type  ol  information  would  be 
obtained  during  pilot-factor  mishap  investigations,  'jsing  an  enhanced  dat.a 


collection  fon.i  and  a  "programmed"  data  collection  procedure.  These  tecii- 
niques  would  be  iiriplemented  by  specially  selected  and  highly  trained  pilot- 
factor  investigators.  The  high  reliability  and  validity  of  the  forms  and  i)ro- 
cedures,  together  with  the  wel 1 -trai ned,  highly  qualified  investigators,  would 
provide  for  standardized  data  entry. 

The  data  collected  from  mishaps  and  near-mishaps  would  be  put  into  the 
pilot-factor  mishap  data  base.  This  data  base  can  be  conceived  of  as  rota¬ 
tional  in  nature.  It  could  be  designed  with  data  storage  files  on  the  periph¬ 
ery  and  data  analysis  function  in  the  center.  Once  the  investigation  data  are 
input,  stored,  and  analyzed,  their  results  can  be  fed  back  to  the  investiga¬ 
tion  enhancement  program  to  refine  techniques  and  be  available  to  the  ongoing 
technology  application  research. 

The  purpose  of  the  application  research  is  to  provide  proven  remedial 
strategies  designed  to  alleviate  problems  associated  witli  primary  pilot  fac¬ 
tors.  Input  from  the  investigation  program,  which  is  stored  in  the  data  base, 

could  be  used  to  reorder  the  priorities  of  selected  pilot  factors  or  to  add 

new  ones.  In  addition,  extrapolation  of  trends  could  be  seen  as  excursions 

based  on  the  predicted  introduction  of  new  tactics,  equipment,  or  pilot¬ 

training  techniques.  Output  from  the  three  phases  of  technology  application 
research  would  be  fed  back  to  the  data  base  for  storage  and  to  the  investiga¬ 
tion  program  to  assist  in  refining  investigation  techniques  and  procedures. 
Finally,  the  technology  application  module  would  output  proven  remedial  strat¬ 
egies  to  reduce  the  contribution  of  selected  pilot  factors  in  specific  silia- 
tions. 


General  Research  Strategy 

The  focus  of  the  present  effort  is  tlie  Remedial  Technulogy  Applications 
Program.  To  provide  a  frai.iework  for  USAF  program  development,  both  a  general 
research  model  applicable  to  mishap  reduction  and  a  program  format  to  illus¬ 
trate  the  model  have  been  devised. 

The  research  strategy  to  be  used  consists  of  a  diagnostic,  or  problem- 
definition,  phase;  a  remedial,  or  concept  formulation,  phase,  and  an  evalua¬ 
tive,  or  test  and  evaluation,  phase.  Based  on  our  review  of  the  literature 
which  included  possible  causes,  investigative  techniques,  and  human-factors/ 
aviation  technologies,  this  is  the  first  time  this  strategy  has  been  applied 
to  aviation  safety  research. 

Research  based  on  the  system  development  inodel  begins  with  problei:i  defi¬ 
nition.  Diagnostics  relating  to  psychological,  physiological,  and  behavioral 
attributes  will  be  applied  to  the  specific  pilot  factor  under  investigation  in 
order  to  pinpoint  the  independent  variables  and  dependent  measures  and  to 
establish  hypothetical  links  between  theia.  Following  this  activity,  concept 
formulation  will  begin.  This  remedial  phase  describes  common  variables  among 
human-factor  technologies,  selects  the  best  remedial  approach,  and  develops  a 
prototype  remedial  technique  applicable  to  some  specific  pilot  factor.  The 
evaluative  phase  will  provide  a  test  situation  based  on  the  dependent  measures 
established  earlier  within  which  to  determine  the  potential  efficacy  of  the 
selected  remedial  approach.  These  three  phases  of  research  are  illustrated  in 
the  following  program  structure. 
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Phase  I:  Problem  Definition/Diagnostics 


(1) 

Apply  attitudinal  measures 

to  selected 

(2) 

Apply  physiological  measures 

samples 

(3) 

Apply  behavioral  measures 

of  aviators 

(4) 

Establish  variables,  independent  and  dependent 

(5) 

Establish  hypothetical  constructs 

or  relationships  among 

variables 


The  product  of  Phase  I  will  be  the  specific  pilot  factors  associated 
with  mishaps.  Selection  of  these  factors  will  be  reliable  and  valid  because 
only  those  that  are  pinpointed  by  all  three  methods  of  diagnosis  will  be 
selected  for  future  research.  Establishing  hypothetical  relationships  among 
pilot  factors  and  between  these  factors  and  potential  mishaps  will  allow  pre¬ 
diction  with  some  measure  of  statistical  confidence. 


Phase  II.  Concept  Formulation/Remedial  Technologies 


(1) 

Investigate  training  applications 

in  regard  to 

(2) 

Investigate  simulator  applications 

results  of 

(3) 

Investigate  job  performance  aids 

diagnostics 

(4) 

Establish  optimal  mix  based  on  diagnostics 

(5) 

Develop  prototype  remedial  approach 

for 

further  refinement 

Phase  II  will  yield  a  list  of  remedial 

techniques  in  the  areas  of 

training  simulation  and  job  performance  aids.  The  Air  Force  could  mix  and 
match  techniques  from  this  list  in  regard  to  specific  pilot  factors  to 
construct  a  prototype  remedial  program. 

Phase  III:  Evaluation 

(1)  Test  remedial  approach  in  simulator  with  selected  subject  pilot 

(2)  Test  remedial  approach  in  instrumented  range  context 

(3)  Apply  findings  to  remedial  approach  in  an  iterative  "fine  tuning" 

effort 

(4)  Introduce  into  real  world  on  a  limited  basis  and  monitor  performance 

of  selected  pilots. 


Specific  Technology  Application  Projects 

Matrix  Overview  of  Potential  Research  Options--The  major  deliverables 
required  from  this  contractual  effort  are  specific  high-payoff  researcli 
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projects  dt  the  2-,  3-,  and  S-manyear  levels  of  effort.  The  development  of 
these  research  projects  was  based  on  three  activities  iirevioasly  described. 

In  Section  II,  areas  of  investigation  were  identified  via  analyticdl 
literature  search  and  empirical  analysis  of  aircraft  mishaps.  These  areas  of 
research  were  then  rank  ordered  in  regard  to  cost-related  ROl  iiietric  in  Sec¬ 
tion  III  and  are  defined  as  follows: 

•  Channel i zed  Attention  -  A  behavioral  phenomenon  that  occurs  when  a 
pilot's  full  attention  is  focused  on  one  stimulus  to  the  exclusion  of  all 
others.  This  becoiaes  a  problem  when  the  pilot  fails  to  perform  tasks  or  pro¬ 
cess  information  of  a  higher  or  aiore  immediate  priority  and  thus  falls  to 
notice  or  has  no  time  to  respond  to  cues  of  impending  disaster. 

•  Disorientation  -  A  loss  of  one's  place-in-space  tliat  occurs  when  a 
pilot's  perception  of  the  aircraft's  attitude  or  motion  is  incongruent  with 
respect  to  Earth.  This  is  due  to  inadequate  sensory  stimuli,  an  incorrect 
interpretation  of  sensory  stimuli  due  to  limitations  in  sensory  receptors, 
incorrect  selection  of  competing  stimuli,  or  the  absence  of  a  general  cogni¬ 
tive  framework  that  realistically  orients  the  operator  within  his  envi roniaent. 

•  Vertigo  -  A  form  of  physiological  disorientation  that  occurs  wiien  a 
pilot  senses  that  he  or  the  external  world  is  rotating.  Any  form  of  disorien¬ 
tation  becomes  a  problem  when  a  pilot  is  not  aware  of  being  disoriented  and 
responds  according  to  his  incorrect  appraisal  of  the  situation,  or  when  the 
pilot  is  aware  of  being  disoriented  but  is  unable  to,  or  does  not  have  enougit 
time  to,  correctly  reorient  himself  while  tending  to  other  vital  flying  tasks. 

•  Distraction  -  A  behavioral  phenomenon  that  occurs  when  a  pilot's 
focus  of  attention  on  flying  tasks  is  interrupted  by  a  stimulus  unrelated  to 
those  tasks.  This  becomes  a  problem  when  the  pilot  fails  to  refocus  attention 
on  flying  tasks  of  a  higher  or  more  iiiiaediate  priority  in  time  to  recogniee 
and  respond  to  cues  of  impending  disaster. 

•  Excessi ye  Moti vation  To  Succeed  -  A  personality  characteristic  that 
predisposes  a  pilot  to  set  unrealistically  high  standards  for  himself  and  to 
try  to  perform  tasks  for  which  he  is  knowingly  il 1 -prepared.  This  becomes  a 
problem  when  mission  success  is  afforded  a  higher  priority  than  caution,  judg- 
luent,  or  known  restrictions. 

•  Overconfidence  -  A  personality  characteristic  that  a  pilot  :iciy 
develop  with  experience  or  with  positive  reinforcement  during  training.  It 
predisposes  the  pilot  to  overestimate  personal  ability,  the  ability  of  others, 
and/or  the  ability  of  the  aircraft.  It  becoiaes  a  problem  when  the  pilot 
attempts  to  perform  tasks  that  exceed  personal  or  aircraft  capabilities. 

•  Stress  -  A  heightened  psychophysiological  response  state  experienced 
when  a  (lilot  perceives  that  the  workload  demands  of  the  flight  may  excetid  his 
capabilities  and  that  the  successful  completion  of  the  flight  is  thus  threat¬ 
ened.  In  such  a  situation,  the  pilot's  adaptive  mechanis.as  become  severely 
taxed.  lYoblems  arise  when  his  adaptive  mcchanisais  are  taxed  to  the  point 
that  they  collaiise  and  the  pilot  is  unable  to  meet  the  workload  demands  of  tlie 
f 1  ight. 
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A.  Diagnostic  Assessment  of  the  Personality  and  Behavioral 

Variables  Underlying  Excessive  Motivation  To  Succeed. 

(Use  block  ID  of  Fig.  6.) 

1.  Purpose:  The  purpose  of  this  research  project  is  to  identify, 
operationally  define,  and  prioritize  the  underlying  personality  and  behavioral 
characteristics  associated  with  pilots  described  as  being  excessively  iTOti- 
vated  to  succeed. 

2.  Approach/Products : 

a.  Task  I:  Review  the  literature  and  present  applications 

regarding  psychological  assessment  specific  to  success  motivation  issues.  The 
product  of  this  effort  would  be  an  annotated  bibliography  of  applicable  pro¬ 
jective  tests  such  as  the  McClelland  Need  for  Achievement  Test,  the  Thematic 
Apperception  Test,  the  MMPI,  and  others  from  Boro's  Mental  Measurements  Year¬ 
book. 


b.  Task  II:  Review  the  literature  and  present  applications 
regarding  behavioral  assessment  techniques  that  could  be  used  to  define  causal 
elements  underlying  success  motivation.  The  product  of  this  effort  would  be 
an  annotated  bibliography  to  include  techniques  such  as  role  playing,  competi¬ 
tion,  and  focus  groups. 

c.  Task  III:  Integrate  most  reliable/valid  psychological  and 
behavioral  techniques  with  regard  to  implementation  cost  and  feasibility.  The 
product  of  this  effort  would  be  a  menu  of  diagnostic  batteries  specifically 
tailored  to  the  issue  of  success  motivation. 

d.  Task  IV:  Apply  most  feasible  and  cost-effective  diagnostic 
battery  to  a  representative  sample  of  pilots  who  display  excessive  motivation 
to  succeed.  The  product  of  this  task  would  be  the  identification  and  opera¬ 
tional  definition  of  the  variables  underlying  success  motivation.  These 
definitions  would  provide  the  objectives  for  remedial  strategies. 

3.  Schedule  and  Level  of  Effort:  The  project  described  above  would 
require  funding  at  the  2-manyear  level  of~ effort  and  would  be  performed  over  1 
calender  year.  The  project  schedule  is  shown  in  Figure  7. 


B.  Diagnostics  and  Remedial  Strategies  for  the  Personality 
and  Behavioral  Factors  Underlying  Pilot  Overconfidence. 

(Use  Blocks  IE  and  HE  of  Fig.  6.) 

1.  Purpose:  The  purpose  of  this  research  project  is  to  diagnose 
and  provide  remecTial  techniques  for  the  underlying  psychosocial  characteris¬ 
tics  associated  with  pilots  identified  as  overconfident. 
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j.  I-  Kevifvv  Itie  I  i  lerdtare  Jiid  present  app  1  i  tdL  i  orvj 

reyardinij  psycho  1  uy  i  cdT  dssessiiient:  s,,'ecific  to  overconfidence  issues.  The 
product  ot  this  ettort  would  tje  on  annutuled  bihl loyraphy  of  1)  dpplicdble 
projective  tests  ami  a  1 1 1 1  ude-iiieasureiiient  techniques  includiny  MMPl,  Theiadtic 
Apperception  Test,  and  .iieasures  ot  dttitudes  tov^ard  equipiiient;  2)  reyulations, 
and  3)  train  iny  technnpies. 

b.  Task  11:  Review  the  literature  and  present  applications 

reyardiny  behavioral  assessment  of  self-confidence  by  role  play,  focus  yroups, 
leadership  eval uat  ion,  and  competitive  scenarios.  The  product  of  this  review 
would  be  a  list  ot  selected  assessaient  techniques  with  hiyh  construct  validity 
in  reyard  to  the  mission  manayement  duties  of  a  pilot. 

c.  lask  111:  Inteyrate  most  rel i ab 1 e/ va  I  id  psychol oy ical  and 

behavioral  techniques  with  reqard  to  impl eiiientati on  cost  and  feasibility.  The 
product  of  this  effort  would  be  ;  iiienu  of  diaynostic  batteries  specifically 

tailored  to  the  issue  of  overconi idence  and  quided  by  a  representative  mission 
scenario. 


lask  iV:  Apply  most  feasible  and  cost-effective  diaynostic 
battery  to  a  representar i ve  sample  of  aviators  who  display  overconfidence. 
The  product  of  this  task  would  bii  the  identification  and  operational  defini¬ 
tion  of  the  psytiiusoc i a  I  variables  onderlyiny  overconfidence.  These  defini¬ 
tions  would  provide  the  objectives  for  remedial  strateyies  based  on  a  pilot- 
confidence  index. 

•  f^hdse  ^--Remedial  Strategy  Uevelopiiient 

a.  Task  1 :  Review  potential  remedial  strateyies  in  personnel 
selection/retention/rel idbi I ity  literature.  This  review  will  be  guided  by  the 
pilot-confidence  index  derived  from  the  l^hase  1  diagnostics.  The  product  of 
this  task  will  be  a  list  of  potential  remedial  techniques  related  to  specific 
underlying  psychosocial  variables.  This  list  will  be  rank  ordered  with  regard 
to  both  feasibility  and  cost  effectiveness. 

b.  T  ask  1 1 :  Vdlulati.'  the  ()i  1  ot-conf  i  dence  index  against  behav¬ 
ioral  criteria  during  controlled,  nsk-takiny  situations.  Select  iiiost  effec¬ 
tive  remedial  strategy  with  which  to  apply  an  index  of  this  type.  The  product 
of  this  task  would  provide  the  objectives  frimn  which  to  conduct  a  program  to 
reduce  the  negative  effects  of  overconfidence. 

c.  Task  111:  Develop  a  prototype  remedial  program  includiny 
pilot-selection  techniques,  continuous  behavioral  observation,  intermittent 
psychosocial  assessment,  self-reporting,  and  remedial  counseling/reassign¬ 
ment.  The  product  of  this  task  would  emphasize  a  central  oieasure  of  pilot 
confidence  which  would  guide  selection,  retention  counseling,  or  reassignment. 

3.  Schedule  and  Level  ot  Lffort:  Ihe  project  described  above  would 
require  funding  at  the  3-iiianyear  LOT  and  would  be  (x-rtormed  over  2  calendin 
years.  The  project  schedule  is  shown  in  figure  H. 


Fiqure  3.  Project  schedule  for  diagnostic  assessment  of  and  remedial  strategies  fcr  factors 
underlying  pilot  overconfidence. 


c. 


A  Diagnostic,  Rei.iedial,  Lvaluative  Approacii  to  the 
Reduction  of  D i sor i untat i on/Vort i go  Among  Air  horce 
Pilots.  (Use  blocks  1C,  IIC,  and  lllC  of  Fig.  6). 


1.  Purpose :  The  purpose  of  this  project  is  to  identify  and  define 
the  underlying  psychological,  piiysio I og i ca  I  ,  and  behavioral  characteristics 
that  are  associated  v^itf.  [iilot  disorientation  and  vertigo.  In  addition,  this 
project  will  provide  prototype  remedial  strategies  and  an  operational ly 
oriented  test  and  evaluation  paradigm. 

2 .  Approach/Products : 

•  Phase  l--Diagnostic  evaluation 

a.  Task  1  :  Conduct  literature  review  on  (isychological  assess¬ 
ment  of  tendencies  toward  spatial  and  temporal  disorientation.  Assessi.ient 
techniques  might  include  the  Naval  Aviation  Questionnaire,  the  ISAM  Stress  Bat¬ 
tery,  and  the  Witkens  Embedded  Figures  Test.  The  product  of  this  task  will  be 
a  list  of  candidate  techniques  ranked  in  regard  to  validity  and  feasibility. 

b.  Task  11:  Conduct  state-of-the-art  review  of  physiological 
measurement  techniques  to  assess  disorientation  or  vertigo  susceptibility. 
Such  measures  might  include  cortical-evoked  potentials,  el ectroiayogram,  and 
galvanic  skin  response  (GSR).  The  product  of  this  task  will  be  a  list  of 
candidate  physiological  measures  selected  for  feasibility,  validity,  and  cost 
effecti veness. 


c.  Task  III:  Conduct  review  of  existing  behavioral  tieasures  of 
disorientation/vertigo  susceptibility.  Such  measures  could  include  orienta¬ 
tion  (terrain  walks),  road-rally-type  exercises,  or  reorientation  subsequent 
to  vertigo  induction.  The  result  of  this  effort  will  be  a  list  of  behavioral 
techniques  ranked  with  regard  to  feasibility  and  validity. 

d.  Task  IV:  Cross  validate  the  three  classes  of  disorientation/ 
vertigo  ineasures  by  conducting  quasi  experiments  on  a  rept  esentati  ve  saiaple  of 
Air  Force  pilots.  The  product  of  this  task  will  be  a  list  of  composite  mea¬ 
sures  of  disorientation/vertigo  ranked  in  regard  to  the  magnitude  of  the  inter- 
correlation  among  measures. 

e.  Task  V:  Select  battery  of  psychological,  physiological,  and 
behavioral  measures  exhibiting  the  highest  degree  of  relationship  among  them¬ 
selves.  Apply  these  ineasures  as  dependent  variables  in  a  controlled  experiment 
using  a  representative  disorientation/vertigo-induction  technique  on  a  random 
sample  of  Air  Force  pilots.  The  product  of  this  task  will  be  the  identifica¬ 
tion  and  operational  definition  of  the  psychological,  physiological,  and  behav¬ 
ioral  vari'  ies  underlying  disorientation/vertigo.  In  addition,  this  task  will 
provide  a  id  and  reliable  measurement  battery  for  possible  application  to 
related  phenoiaena. 


•  Phase  2--Remedial  Strategy  Development 

a.  Task  1 :  Based  on  diagnostic  assessment  and  resulting  opera¬ 
tional  definitions  of  disorientation/vertigo,  conduct  literature  review  into 
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available  reaiedial  strategies  in  tlie  technology  areas  of  aircrew  tr.nnirKj, 
siiaul  atiun,  and  job  performance  aids.  Ihis  will  provide  a  list  of  reuedial 
techniques  from  the  three  major  technology  areas.  This  list,  together  with  tiic 
diagnostic  iMeasures,  could  be  used  to  guide  the  development  of  a  "best  case" 
remedial  approach. 

b.  Task  II:  Integrate  selected  remedial  strategies  into  compo'..  ^ 
ite  solution  approaches  relating  to  the  specific  results  of  diagnostic  assess¬ 
ment.  This  effort  will  provide  a  menu  of  selected  approaches  that  represent 
contributions  froi:i  the  three  technology  areas.  The  approaches  will  be  rankoii 
in  regard  to  feasibility  in  relation  to  the  diagnostic  results  and  cost  eftr'c- 
ti veness. 


c.  Task  111:  Select  most  effective  'omedial  approach  from  ttiu 
menu  above  in  regard  to  results  from  the  diagnostic  phase,  cost  effectiveness, 
and  feasibility, 

•  Phase  3--Lvdluation 


a.  Task  1  :  Design  and  i.t,.'lement  simulator  scenarios  ttiat  Midjci.: 
disor ientation/vertigu  ranging  from  part  task  to  Ingli-t idol ity  simulutiou. 
Conduct  ex[)eriments  applying  selected  remedial  strategies  as  independent  vari¬ 
ables  (treat.aent)  and  diagnostics  as  dependent  measures.  The  results  of  tiiese 
experiments  will  be  used  to  provide  guidance  for  subsequent  evjluation  tasks 
and  to  refine  the  selection  of  reiucdial  approach. 

b.  Task  11:  Based  on  the  results  of  Task  I,  select  ;cst  proi.i- 
isiny  reiuedial  strategy  and  most  val id/rel lable  ■leasiremeni  system  and  evaluate 
both  experiinentul  ly  in  an  instrumented  range  enviroiricnt  by  creating 
disorientation/vertigo  situations  in  two-place  aircraft.  (jubjecl  operates  in 
observer  (losition.)  The  results  of  these  experiiiients  will  bo  fed  Oack  i)  far¬ 
ther  refine  the  approach  prior  to  i ntruducl i on . 

c.  Task  111:  Introduce  selected  remedijl  lechniqie  in  u  h  iiLed 
fashion  into  undergraduate  and  advanced  pilot  trair.ing  where  applicable.  Moni¬ 
tor  subsequent  accident  rates  of  a  selected  samiile  of  new  pilots  witli  regarsl  ti 
disorientation/vertiyo  as  a  pilot  factor'.  Tfie  results  of  ities..'  obscr  va  1. 1  on;, 
will  be  fed  into  the  [)i  1  ot-facfor  data  base  to  help  project  trends  in  aircrafi. 
mishaps  and  to  guide  future  technol  ogy- ippl  i  c-t  t  ion  (iroyraiis. 

3.  Schedule  and  Level  of  Ltfort:  The  project  described  above  .you  1  1 
require  funding  at  the  S-manyear  level  of~ effort  and  would  be  [lerformed  over  J 
calendar  years.  The  project  schedule  is  shown  in  figure  'J . 

The  three  projects  just  described  represent  the  end  product  of 
this  systematic  approach  to  program  development.  The  3-,  3-,  und  ‘o-munyear 
programs  fulfill  the  contractual  requirements  for  prograi.is  with  a  high  selec¬ 
tion  potential  by  the  in-house  staff.  These  projects  are  based  on  existing 
diagnostic,  remedial,  and  evaluation  techniques  within  the  reach  of  USAfSAM 
personnel . 
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Figure  9.  Project  schedule  for  a  diagnostic,  remedial,  evaluative  approach 
to  reducing  disorientation/vertigo  among  Air  Force  pilots. 
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In  thu  followiny  section,  we  recommend  a  project  of  technoloyy 
applications  that  are  believed  to  be  the  most  cost  effective  and  potentially 
rewarding  of  all  the  options. 


Recoiiaended  Research  Project 

The  following  research  project  is  designed  to  apply  a  diagnostic  assess¬ 
ment,  reiaedial  approach,  and  operational  evaluation  to  the  problems  associated 
with  channelized  attention  and  distraction.  Based  on  the  data  we  exaiainod, 
these  pilot  factors  are  the  two  that  occur  most  often  in  fighter,  attack,  and 
trainer  aircraft  mishaps.  Together  they  were  associated  with  $254  millior'  ’n 
mishap  cost  over  the  period  1977-7B.  Based  on  our  research  described  in  Sec¬ 
tions  II  and  IV,  we  have  concluded  that  channelized  attention  and  distraction 
are  really  opposite  sides  of  the  same  coin.  Both  are  essentially  concerned 
with  allocating  attention  to  a  stimulus.  Channelized  attention  .neans  that  a 
pilot  continues  to  focus  attention  on  one  stimulus  although  anothe'"  stiimlus 
of  more  imediate  priority  should  be  attended.  For  example,  during  a  buiiibing 
run,  a  pilot  may  continue  to  focus  his  attention  on  target  acquisition  or  L-;en 
on  the  bomb  trace  created  on  the  ground  instead  of  on  maintaining  flight  posi¬ 
tion  control . 

Distraction,  on  the  other  hand,  means  that  a  pilot's  attention  is  divert¬ 
ed  from  one  stiiiulus  to  another.  For  example,  the  pilot  iaay  be  on  a  boiaDing 
laission  when  an  object  apparently  appears  outside  the  cockpit  or  a  light 
flashes  on  the  instrument  panel.  The  pilot  may  pay  attention  to  this  stiiaulus 
and  fail  to  refocus  on  the  tasks  required  to  laaintain  positive  flight  control. 

Neither  channelized  attention  nor  distraction  are  inherently  probleiaatic. 
They  become  problems  during  flight  when  the  pilot’s  time  to  respond  to  situa¬ 
tional  demands  is  brief.  We  believe  that  an  integrated  researcli  effort 
attacking  channelized  attention  and  distraction  sintil  taneously  has  the  !'iosl 
potential  for  success  and  the  highest  return  on  investment.  This  project  is 
based  on  the  underlying  construct  of  allocating  attention  in  a  tiiae-compressed 
situation  and  is  described  as  follows: 


A  Programmatic  Approach  to  the  Reduction  of  Pilot-Factor  r4ishdi)s 
Associated  with  Attention  Allocation  (Use  blocks  lA,  IIA,  lllA, 

IB,  I  IB,  and  1 1  IB  from  '“ly.  6.) 

1.  Purpose:  The  purpose  of  this  recommended  project  is  to  use  valid  and 
reliable  diagnostics  upon  which  to  base  the  development  and  evaluation  of  .ns- 
hap  reduction  strategies  aii.ied  at  the  two  juajor  pilot  factors,  cliannelized 
attention  and  distraction. 

2 .  Approach  and  Products: 

•  Phase  1--Ui  agnostic  Assessment.  This  phase  reflects  a  i.ul  tidi  sci  pi  i - 
nary  check-and-balance  research  philosophy. 
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a.  Task  I:  Review  the  psychological -assessment  literature  in  order 
to  develop/adopt  diagnostics  specific  to  the  phenomenon  of  attention  alloca¬ 
tion.  Assessment  techniques  in  the  area  of  stress  perception,  aircraft  han¬ 
dling  qualities,  and  aircrew  station  design  will  be  considered. 

(1)  Subtask  1.  Define  1 iterature-search  strategy  in  terms  of 
scope,  sources,  time  |)eriod,  and  key  v«)rds. 

(2)  Subtask  2.  Review,  in  depth,  selected  articles,  books,  and 
ongoing  research,  using  search  tactics  derived  from  standard 
abstract  forms. 


(3)  Subtask  3.  Develop  and  apply  criteria  for  ranking  assessment 
methods  by  feasibility  and  cost  effectiveness. 

(4)  Product:  The  product  of  this  task  will  be  a  rank-ordered 
list  of  psychological-assessment  techniques  that  will  be  used 
to  develop  a  multidisciplinary  diagnostic  battery. 


b.  Task  II:  Review  the  literature  dealing  with  physiological  i:iea- 
sureiaent  of  attention  and  perfortnance  so  that  existing  techniques  can  be 
adopted  to  assess  attention  allocation  in  airborne  mission  management. 


(1)  Subtask  I.  Define  and  apply  parameters  of  the  literature 
search  strategy  including  scope,  sources,  time  period,  and 
key  words. 

(2)  Subtask  2.  Review  in  depth  selected  journal  articles,  books, 
and  ongoing  research  efforts  in  areas  related  to  measurement 
of  attention  under  stress.  These  areas  might  include 
cortical -evoked  potentials,  ixjpil  dilation,  electroiuyogram, 
GSR,  and  heart  rate. 

(3)  Subtask  3.  Develop  and  apply  criteria  for  ranking  physiolo- 
gical  assessment  techniques  in  regard  to  real-world  applica¬ 
tion,  validity,  reliability,  and  cost  effectiveness. 

(4)  Product.  The  product  of  this  task  will  be  a  rank-ordered 
list  of  physiological  measureinent  techniques  that  could  be 
used  as  part  of  a  battery  to  assess  attention  under  stress. 

c.  Task  111:  Review  the  literature  concerning  behavioral  i.ieasures 
of  attention  and  performance,  including  techniques  such  as  dual  tasking, 
residual  attention  capacity,  and  stress-induction  methods. 


(1)  Subtask  1.  Define  and  apply  literature  search  strategy 
including  scope,  sources,  time  period,  and  key  words. 

(2)  Subtask  2.  Review  in  depth  selected  articles,  books,  ami 
ongoing  research.  Concentrate  on  areas  such  as  information 
processing,  hot  cognition,  artificial  intelligence,  and 
memory  structure. 
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(3)  Subtask  3.  Develop  and  apply  criteria  for  ranking  behavioral 
assessment  methods  according  to  feasibility,  validity,  and 
cost  effectiveness. 

(4)  Product.  The  product  of  this  task  is  a  list  of  assess^innt 
techniques  based  on  behavioral  observation  and  ranked  in 
regard  to  operational  consideration.  This  list  will  be  used 
in  conjunction  with  the  psychological  and  physiological  mea¬ 
sures  in  Task  IV. 

d.  Task  IV:  Cross-val idate  high-ranking  attention  allocation  mea¬ 
sures  in  psychological ,  nhysiological ,  and  behavioral  assessment  described  in 
Tasks  1 ,  II ,  and  III. 

(1)  Subtask  1.  Design  and  perform  quasi  experiments  on  a  small 
representative  sample  of  Air  Force  pilots  to  provide  iirelimi- 
nary  data  for  technique  validation. 

(2)  Subtask  2.  Perform  i:iiltiple  correlation  and  regression 
analysis  on  results  of  the  validation  studies  to  deteriuine 
the  strength  of  relationships  among  measurement  techniques. 

(3)  Subtask  3.  Construct  a  list  of  composite  attention  iX'asures 
rank  ordered  by  strength  of  relationship,  cost  of  implementa¬ 
tion,  and  feasib i 1 ity. 

(4)  Product .  The  product  of  this  task  will  be  recommended  atten- 
ti  on-assessment  batteries. 

e.  Task  V:  Select  and  refine  the  laost  promising  mu  1 1 1 d i sc i [)!  i nary 
assessment  battery. 

(1)  Subtask  1.  Choose  the  combination  of  psychological,  physio¬ 
logical,  and  behavioral  measures  that  exhibit  the  highest 
degree  of  interrelationship  among  the  measures. 

(2)  Subtask  2.  Apply  this  assessment  battery  as  deiiendent  mea¬ 
sures  in  a  controlled  experiment  using  a  mission-based, 
attention-al  locat  ion  task  and  a  representative  saiqil'.’  of  Air 
Force  pilots, 

(3)  Subtask  3.  Feed  back  the  result  of  this  experiment  in  under 
to  refine  and  specify  the  measurement  battery  in  regard  to 
mission  objectives.  Input  results  to  ii  1 1  ot  -  f  ac  tor-i  ii  shap 
data  base. 

(4)  Product.  Ihe  produce  of  tliis  task,  and  of  I’huse  1,  will  be 
the  identification  and  precise  operational  definition  of 
jisycholoyical  ,  physiological,  and  behavioral  variables  under¬ 
lying  attention  allocation.  This  effort  will  also  (irovide  a 
valid  and  reliable  measurement  battery  for  future  aiipl  i  cat  ion 
to  this  attention  factor  and  related  phenomena. 


•  Phase  ^--Remedial  Strategy  Developi:ient.  13ased  on  syster.is  inteyra- 
tion  approach;  i.e.,  requirements  vs  capabilities. 

a.  Task  I :  Conduct  literature  reviews  of  remedial  techniques  yuided 
by  results  of  diagnostic  assessment. 

(1)  Subtask  1.  Define  and  apply  literature  search  strategy  with 
regard  to  variables  identified  from  the  diagnostic  phase. 

(2)  Subtask  2.  Review  selected  articles,  books,  and  ongoing 
research  in  the  content  areas  of  aircrew  training,  simula¬ 
tion,  and  job  performance  aids. 

(3)  Subtask  3.  Develop  and  apply  criteria  for  ranking  remedial 
techniques  according  to  feasibility,  validity,  and  cost 
effecti veness. 

(4)  Product.  The  product  of  this  task  will  be  a  matrix  coi;iposed 
o7  rank-ordered  techniques  in  remedial  technology  areas  of 
aircrew  training,  simulation,  and  job  performance  aids.  This 
matrix  and  the  result  of  tlie  diagnostics  will  be  used  to 
guide  further  development  of  a  best-case  remedial  strategy. 

b.  Task  II:  Integrate  attention-allocation  remedial  strategies  from 
technology  areas  of  training,  simulation,  and  job  performance  aids. 

(1)  Subtask  1.  From  tlie  three  technology  areas,  choose  promising 
remedial  techniques  based  on  operational  criteria. 

(2)  Subtask  2.  Combine  selected  techniques  from  Subtask  1  as 
guicfed  by  the  result  of  the  diagnostic  assessment. 

(3)  Product.  The  product  of  this  task  will  be  a  list  of  the 

three  most  promising  remedial  approaches  to  the  reduction  of 
attention-al location  mishaps. 

c.  Task  III:  Select  optimal  remedial  strategy  using  a  quasi  experi¬ 
ment. 

(1)  Subtask  1.  Select/adopt  representative  mission  scenario 

related  to  attention  allocation. 

(2)  Subtask  2.  Design/perform  a  quasi  experiment  around  mission 
scenario,  using  remedial  strategies  as  independent  variables 
and  diagnostic  battery  as  dependent  measures. 

(3)  Subtask  3.  Analyze  data  from  experiment  and  select  most 

effective  and  reliable  remedial  approach. 

(4)  Product.  The  product  will  be  a  best-case  remedial  approach 
based  on  empirical  research  findings,  operational  feasibil¬ 
ity,  and  potential  return  on  investment. 
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•  Phase  3--Eva1udt1on.  This  phase  is  based  on  a  success i ve-apprux  i - 
inations  approach  Lo  evaluation  under  operational  conditions. 

a.  Task  I:  Design/conduct  simulator  experiments  to  evaluate  reie- 
dial  approach. 

(1)  Subtask  1.  From  operational  missions,  design  or  adopt  Sjie- 
cific  scenarios  that  produce  situations  associated  witli 
attention-al location  problems. 

(2)  Subtask  2.  On  sizable,  representative  saiaiile  of  Air  Force 
pilots,  conduct  controlled  exiieriments  designed  around  mis¬ 
sion  scenarios.  Employ  remedial  strategy  as  i ndependetiL 
variables  and  diagnostic  battery  as  dependent  measures. 

(3)  Subtask  3.  Collect,  reduce,  and  analyze  data,  then  iii'riL  ;  > 
pi  1  ot-factor-i.ii shap  data  base. 

(4)  Product .  Results  of  these  experiments  will  provide  guidatise 
to  subseguent  evaluative  tasks  and  -efinement  to  the  rijhiedijl 
approach  and  investigation  process. 

b.  Task  1 1 :  based  on  results  of  Task  I,  subject  retuied  reiaedial 
strategy  or  alternate  reiaedial  strategy  to  instrumented  range  evaluation. 

(1)  Subtask  1.  Design  or  adopt  scenarios  from  Fask  1  to  specitio 
requ  i  reiaents  of  instrumented  range;  siiaulation.  Arrangi; 
adiainistrati  ve  details. 

(2)  Subtask  2.  On  stringently  selected  saiaple  of  Air  1  urce 
pilots,  conduct  controlled  experm.aents  designed  arjund  mis¬ 
sion  scenarios  shown  to  produce  .ittent lon-al location  pruP- 
leias.  Use  reiaedial  strateijy  a\  treat  aent,  and  diagnosttc 
battery  as  dependent  laeasures.  Record  laissions  for  fiture 
analysis. 

(3)  Subtask  3.  Collect,  reduce,  and  analyze  data  and  input  to 

pTTot- factor-mi  shaj)  data  base. 

(4)  Product.  The  result  of  these  experiments  will  lie  fo'l  liack  to 
further  refine  tlie  remedial  approacli  |iriur  to  uitroductiun 
and  will  be  input  to  the  data  bas'-. 

c.  Task  III.  Plan  the  introduction  of  remedial  aiiproaches  to  nntice 
attention-al  location  mishaiis. 

(1)  Subtask  1.  I'lan  the  integmition  of  the  new  rcMedial  apjiruach 
with  un(U;rgraduate  and  advanced  pi  loL-tra  i  .n  ng  (nirricala 
according  to  interservice  procedures  for  Instruction  System 
Development. 

(2)  Su b t a s k  2 .  Design  a  procedari;  to  i.i  'ri i  t.-.ii  sahseguent  mishap 
and  near-mishdii  rates  for  a  selected  sariple  of  pilots  over  a 
b-year  period. 


(3)  Product.  The  product  of  Task  III,  and  Phase  III,  will  be  a 
pVan  for  introducing  the  refined  remedial  approach,  to  be 
implemented  by  the  Air  Force. 

3.  Schedule  and  Level  of  Effort:  The  recommended  approach  to  reducing 
mishaps  associated  wi th  channel i zed  attention  and  distraction  would  require 
funding  at  the  7-manyear  level  of  effort.  It  would  be  conducted  over  39 
calendar  months  with  a  3-inonth  report-evaluation  period  included.  The  hypoth¬ 
esis  that  channelized  attention  and  distraction  are  two  aspects  of  attention 
allocation  enables  their  simultaneous  investigation  at  a  level  of  effort  lower 
than  would  be  required  for  two  separate  investigations.  The  project  schedule 
and  resource  allocations  are  illustrated  in  Figure  10. 
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Figure  10.  Project  schedule  for  a  programmatic  approach  to  reducing 
pilot-factor  mishaps  associated  with  attention  allocation. 
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APPENDIX  A.  LITERATURE  SEARCH  STRATEGY  AND 
ANNOTATED  REFERENCES 

Much  of  tlie  infonridEion  contained  in  this  report  was  obtained  from  liter¬ 
ature  in  the  field  of  aviation  safety.  The  inajor  focus  of  this  review  was  the 
pilot-factor  causes  of  aircraft  mishaps  and  current  aviation  technologies  that 
have  potential  for  reducing  or  eliminating  mishaps  due  to  these  causes. 

Most  of  the  literature  is  contained  in  unpublished  government  reports  or 
published  professional  journals,  primarily  in  the  fields  of  psychology  and 
human  factors.  This  appendix  describes  how  the  specific  articles  previewed  in 
Sections  2  and  4)  were  selected  and  reviewed,  and  provides  annotated  refer¬ 
ences  used  in  this  report. 


Sources  and  Search  Strategy 

Sources — Two  major  sources  were  examined,  the  National  Technical  Informa¬ 
tion  Service  (NTIS)  and  the  Psychological  Abstracts.  The  former  source  con¬ 
tains  abstracts  of  over  one  million  reports  from  a  number  of  government  agen¬ 
cies.  The  latter  reviews  and  abstracts  articles  from  nearly  60D  professional 
journals  and  reports. 

Table  A-1  presents  keywords  used  to  scan  the  holdings  of  each  source. 
For  the  NTIS  search,  combinations  of  keywords  were  used.  This  is  reflected  by 
first-level  and  second-level  search  terms  in  which  eacti  first-level  term  is 
searclied  by  itself  and  in  combination  with  a  second-level  search  term.  Dif¬ 
ferent  keywords  were  used  for  NTIS  and  Psychological  Abstracts  since  the  two 
sources  have  different  keyword-retrieval  mechani s::is.  The  review  was  confined 
primarily  to  articles  and  reports  written  during  the  1970' s. 

In  addition  to  these  major  sources,  three  other  sources  of  ::iaterials  weru; 
scanned. 

(1)  Human  Factors,  the  journal  of  The  Huiian  Factors  Society,  for  the 
period  197U-/9.  This  journal  freguently  publishes  articles  on  avia¬ 
tion  safety. 

(2)  The  Annual  Proceedings  of  The  Huiian  Factors  Society,  for  liie  i.ieetings 
in  19713  and  1979. 

(3)  Selected  popular  inaga/ines  and  newspapers,  including  the  'J.S.  Army 
Aviation  Digest,  Air  Force  Magazine,  Aviation  and  Space  Technology, 
Air  Force  Times,  and  the  Army  Times. 

Search  Strategy--Three  passes  were  made  through  the  literature.  The 
first  pass  was  a  keyword  search  of  NTIS  and  Psychological  Abstracts  and  a 
review  of  the  other  sources  on  the  basis  of  which  a  number  of  articles  and 
reports  were  selected.  Second,  the  abstract,  introduction,  and  conclusion 
sections  of  each  article  were  read  to  see  if  the  article  pertained  to  either 
pilot-factor  causes  of  mishaps  or  the  technologies  available  to  reiiedy  these 
mishaps.  Third,  articles  that  were  selected  on  the  basis  of  this  [lass  we^e 
read  in  depth. 
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The  redding  of  these  articles  was  guided  by  an  abstracting  fon.i  (Lxhibit 
B-2,  Appendix  B).  The  form  was  developed  to  insure  that  the  reviewers 
abstracted  reliable,  relevant  information  from  the  articles.  The  most  useful 
of  these  articles  are  cited  in  the  body  of  this  report  and  in  the  following 
annotated  references. 


Annotated  References 

1.  Alkov,  R.  A.  Life  changes  and  accident  behavior.  Approach,  pp.  13-20, 

Feb  197b. 

This  report  concludes  that  the  majority  of  accident  behavior  can  be 
explained  by  personal  stresses  that  cause  a  person  to  perform  in  such  a  manner 
as  to  increase  his  or  her  accident  liability.  A  tabular  presentation  is  given 
of  lifestyle  changes  during  deployment  for  Naval  officers.  The  total  effect 
of  these  changes  is  thought  to  tax  the  aviator's  ability  to  cope. 

2.  Alkov,  R.  A.  Personality  characteristics  of  the  high-accident-risk  Nava! 

aviator.  Unpublished  manuscript.  Naval  Safety  Center,  Norfolk  Naval 
Air  Station,  Norfolk,  Virginia,  Nov  1976. 

A  behavioral  analysis  was  made  of  fatal  pilot-error  aircraft  accidents  in 
the  U.S.  Navy  during  fiscal  years  1975  and  1976.  A  43-item  recent  life- 
changes  questionnaire,  developed  by  Dr.  Thomas  Holmes  and  Captain  Richard 
Rahe,  was  sent  to  squadrons  reporting  fatal  pilot-error  accidents  for  comple¬ 
tion  by  survivors.  A  dozen  pilot-error  accidents  involving  pilots  with  (ler- 
sonality  profiles  resembling  those  described  by  Reinhardt  (1966)  were  identi¬ 
fied  from  the  completed  questionnaires  and  from  the  medical  officer's  reports 
of  aircraft  accidents.  Most  were  due  to  flight  violations  on  the  part  of  the 
pilot. 

3.  Alnutt,  M.  F.  The  (isychol ogist ' s  role  in  aircraft  accident  investiga¬ 

tions.  I_n  K.G.G.  Corkindale  (td.).  Behavioral  aspects  of  aircraft 
accidents:  NATO  AGARD  Conference  Proceedings  No.  132.  London;  Tech¬ 
nical  editing  and  Reproduction  Ltd.,  Dec  1973. 

The  article  concludes  that  psychologists  can  .nake  three  contributions  to 
the  reduction  of  human-error  aircraft  accidents:  (1)  analysis  of  human-error 
accident  data,  (2)  research  on  human-factor  aspects  of  flight  safety,  and  (3) 
contribution  to  accident  investigation.  The  RAF  Institute  of  Aviation  Medi¬ 
cine  engaged  a  long-term  study  of  the  usefulness  of  the  third  type  of  activ¬ 
ity.  This  ap()roach  to  iviproving  flight  safety  makes  use  of  information  and 
techniques  from  the  fields  of  applied  experimental  psychology,  organi zat ional 
psychology,  ergonomics,  and  clinical  psychology,  and  it  is  hoped  will  result 
in  a  reduction  of  aircraft  accidents.  As  a  result  of  the  inquiry,  changes  to 
the  cockpit  layout,  the  method  of  operation  of  equipment,  and  the  design  of 
the  organizational  systeai  were  recommended. 

4.  Bateman,  R.  P.  Investigation  of  pattern  recognition  of  aircraft  attitude 

indicator  display.  Wri ght-Patterson  AFB,  Ohio:  Air  Force  Institute  of 
Technology,  Master's  thesis,  June  1973. 
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Spatial  disori antation  accident  statistics  and  unsuccessful  attempts  to 
prevent  these  aircraft  accidents  are  reviewed.  The  lack  of  a  theoretical 
basis  for  flight  instrument  design  is  noted.  A  systems  approach  to  the  prob¬ 
lem  is  proposed,  which  requires  a  knowledge  of  the  huinan  visual  system.  It  is 
suggested  that  attitude  indicator  displays,  the  interface  oetween  .aan  and 
machine,  should  be  designed  to  be  compatible  with  an  internal  model  of  spatial 
position.  Orientation  in  space  by  the  use  of  flight  instruments  is  identified 
as  a  pattern  recognition  problem.  A  Fourier  transform  model  of  the  huiaar, 
visual  system  is  used  to  evaluate  and  classify  attitude  indicator  displays. 
Analgorithm  is  proposed  for  separating  patterns  with  respect  to  a  single 
characteristic.  Results  of  this  experiment  show  that  the  fixed  and  i.ioving 
horizon  displays  are  mapped  into  opposite  halves  of  the  linear  decision 
space.  This  discovery  is  the  basis  for  a  prediction  that  the  human  operator 
may  commit  errors  of  reversal  when  using  the  moving  horizon  display.  Ttie 
predicted  reversals  have  been  reported  as  results  of  an  in-flight  experiment. 
The  filtered  Fourier  transfonn  hiodel  results,  in  agreement  with  psychophysical 
phenomena,  are  found  to  provide  a  basis  for  instrument  design. 

5.  Bergin,  K.  G.  The  effects  of  fatigue  on  health  and  flight  safety.  Air- 

1 ine  Pilot,  July  1976. 

A  conceptual  review  of  fatigue,  health,  and  flight  safety  is  presented. 
The  author  appears  knowledgeable,  but  no  data  are  presented.  Responsibility, 
mental  load,  physical  overload,  and  psychological  factors  are  discussed. 

6.  Bergman,  C.  A.  An  airplane  performance  control  system:  A  flight  experi¬ 

ment.  Human  Factors  18(2) :173-182  (1976). 

Pilot  performance  and  preference  i.veasures  were  obtained  for  12  pilots  in 
actual  flight  operations  using  a  twin-engine  general  aviation  aircraft  with 
both  conventional  controls  and  a  Performance  Control  Systei.i  (PCS).  The  P-o 
provides  zero-order  control  of  aircraft  bank  angle  and  vertical  speed  over  me 
ranges  of  ±6U  and  i4b7.2  m/min,  respectively.  An  information-processing  side- 
task  was  also  used.  With  the  PCS,  flight  error  scores  were  reliably  lower 
than  with  conventional  aircraft  controls.  Pilot  preferences,  using  a  six- 
point  scale  ranging  from  “slight"  to  "moderate"  to  "strong"  preference  fur 
each  of  the  two  control  systems,  showed  a  moderate  preference  for  the  PCS  as 
the  median  response. 

7.  Beringer,  D.  8.,  et  a1.  The  transition  of  experienced  pilots  to  a 

frequency-separated  aircraft  attitude  display.  Human  Factors  17(4); 

401-414  (1975). 

Independent  groups  of  eight  navy  pilots  each  were  given  one  flight  in  a 
Link  CiAT-2  simulator  and  one  flight  in  a  Beechcraft  C-45H  using  the  moving 
horizon,  moving  airplane,  and  frequency- separated  attitude  displays.  The 
flight  tasks  performed  by  the  subjects  included  recovery  from  unknown  atti¬ 
tudes,  disturbed  attitude  tracking,  and  completion  of  an  area  navigation 
course.  Data  collected  in  the  C-45H  aircraft  demonstrated  superior  performunen 
of  both  the  frequency- separated  and  moving  horizon  displays  when  compared  '  u 
the  moving  airplane  display  during  unknown  attitude  recoveries.  The  frequency- 
separated  display  was  superior  to  all  others  during  disturbed  attitude  track¬ 
ing.  It  was  concluded  that  the  flight  performance  of  experienced  pilots  duriiuj 


their  initial  transition  to  a  frequency-separated  flight  attitude  presentation 
is  at  least  comparable,  and  for  some  tasks  superior,  to  their  flight  perfor- 
■riance  with  the  conventional  moving  horizon  presentation. 

3.  Bermudez,  J.  M. ,  et  al .  Peripheral  vision  and  tracking  performance  under 
stress.  Proceedings  of  The  Human  Factors  Society  23rd  Annual  Meeting, 
pp.  402-406.  Santa  Monica,  California:  The  Human  Factors  Society, 
Inc.,  1979. 

The  complexity  of  modern  aircraft  systems  places  substantial  information¬ 
processing  loads  on  the  pilot.  These  loads  are  exacerbated  during  periods  of 
cognitive  and  emotional  stress  such  as  during  emergency  landing  situations. 
Physiological  and  behavioral  evidence  for  two  human  visual  systems  that  may 
differ  in  susceptibility  to  psychological  stress  suggests  the  possiblity  of  a 
natural  stress-resistant  information  channel  that  could  be  used  to  input 
information  during  stressful  flight  situations.  It  follows  that  the  extreme 
peripheral  visual  fields  could  be  a  possible  location  for  adjunct  visual  dis¬ 
plays  that  serve  to  orient  expeditiously  the  pilot's  focal  vision  and  atten¬ 
tion  to  critical  instrument  displays  during  emergencies  or  other  situations. 

This  report  presents  data  on  two  followup  experiments  involving  46  male 
cadets.  The  data  concern  the  effects  of  three  types  of  instrument  displays 
used  under  varying  levels  of  stress  during  a  simulated  instrument  landing. 
Stress  was  defined  as  demand  for  primary  task-related  cognitive  activity.  A 
modified  Sternberg  iiiemory  probe  technique  was  used  to  impose  these  demands. 

9.  Ber-'y,  J.  R.,  and  S.  L.  Deloach.  A  statistical  analysis  of  selected 
human  factors  involved  in  aviation  safety.  Wright-Patterson  AFB,  Ohio: 
Air  Force  Institute  of  Technology.  Technical  Report  No.  LSSR  6-784, 
1978. 

This  report  presents  a  review  of  the  biorhythm  theory  and  a  statistical 
analysis  on  over  2400  aviation  accidents,  obtained  from  the  Army  Aviation 
Safety  Center,  Fort  Rucker,  Alabama.  The  analysis  was  per^'ormed  to  determine 
if  a  statistically  significant  relationship  existed  between  aviation  accident 
dates  and  biorhythm  caution  days.  The  Binomial  Goodness-of-Fit  Test  was 
applied  against  the  data.  No  significant  relationship  was  found  between  the 
aviation  accidents  and  biorhythm  caution  days. 

lU.  Collins,  W.  C.  Disorientation  training  in  TAA  certified  flight  and 
ground  schools:  A  survey.  Washington,  D.C.:  FAA  Office  of  Aviation 
Medicine.  Report  No.  AM-77-24,  Sep  1977. 

A  10-item,  voluntary  questionnaire  answered  by  674  flight  and  ground 
schools  provided  information  on  (1)  the  conduct  of  formal  instruction  about 
disorientation,  (2)  the  occurrence  and  content  of  lectures  on  disorientation, 
(3)  use  of  on-the-ground  demonstrations  of  disorientation,  (4)  use  of  in-ihe- 
air  demonstrations  of  disorientation,  (5)  use  of  films  on  pilot  vertigo,  ;• 
amount  of  instrument-flying  training  students  receive,  (7)  amount  of  ms'f 
ment-flying  training  required  of  flight  instructors  to  naintain  •hoi!  . • 

ciency,  (8)  adequacy  of  the  school's  program  on  disorientat  i  ’to  . . 

other  comments,  and  (10)  numerical  data  regarding  the  nu  U''  r 
beginning  and  completing  various  flight  and/or  grounn  n.  •  • 
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More  thdJi  one-third  of  the  respondents  evaluated  tiieir  disurientatiun 
traininy  proyraiii  as  inadequate  and  defined  the  inadequacy  .iiost  often  as  a  lack 
of  appropriate  materials,  aids,  and  information.  Tabulations  of  responses  to 
the  separate  items  suyyested  areas  for  improvement  in  disorientation  train¬ 
ing.  Recotnmendati ons  were  made. 

11.  Collins,  W.  L.  effective  approaches  to  disorientation  f a.ni  I i ari zati on 
for  personnel.  Washington,  D.C.:  FAA  Office  of  Aviation  Medicine. 
Report  No.  AM-70-17,  Nov  1970. 

The  purpose  of  the  report  is  to  explain  an  approach  to  fami  I  ianzing 
aviation  personnel  with  the  hazards  of  disorientation  and  to  provide  sugges¬ 
tions  for  use  in  ottier  training  programs.  The  mettiodoloyy  is  not  designed  to 
train  pilots  so  that  they  will  be  immune  to  disorientation  problems,  but  only 
to  familiarize  them  with  many  of  the  unusual  and  false  perceptions  of  vestib¬ 
ular  origin  that  can  occur  in  flight  and  to  impress  upon  then  the  iniportance 
of  obtaining  an  instrument  rating  and  maintaining  instrument  proficiency. 

A  modification  of  a  rotating  device  (motor-driven  rotating  chair)  is  used 
to  simulate  aircraft  motion.  A  pilot  sits  in  the  chair,  others  observe.  Room 
lights  are  turned  off  and  the  pilot  can  see  only  "approaching  aircraft," 
framed  through  his  "window."  Smooth  clockwise  acceleration  is  applied,  then 
constant  turning  velocity.  The  pilot  is  asked  to  report  turning  rate  and 
direction.  He  is  then  instructed  to  turn  his  head  in  various  positions  and 
report  his  sensations.  Finally  the  chair  is  decelerated  and  stopped,  and 
again  he  reports  his  sensations.  The  procedure  is  designed  to  create  dis¬ 
orientation  in  the  pilot.  Pilots  almost  invariably  report  changes  in  speed, 
direction,  and  attitude  which  they  sense  when  the  .iiovement  is  actually  a  con¬ 
stant  velocity,  turning  in  a  clockwise  direction. 

li^.  Dean,  P.  J.  The  human  factor  in  cyclic  aircraft  accident  patterns,  hi 

K.G.G.  Corkindale  (Ed.).  Behavioral  aspects  of  aircraft  accidents: 
NATO  AGARD  Conference  Proceedings  No.  132.  London:  Technical  Editing 
and  Reproduction  Ltd.,  Dec  1973. 

Investigations  were  directed  toward  (a)  identifying  and  describing  any 
cyclic  yearly  patterns  in  the  accident  rates  of  the  Cl -104  flying  with  the 
Canadian  Forces  Europe,  (b)  isolating  the  human  factors  that  produce  such  (lat- 
terns,  and  (c)  translating  the  findings  into  recoiiunendations  that  Can  be  used 
to  prevent  aircraft  accidents.  A  preliminary  analysis  of  accident  rates  in 
the  CF-104  has  indicated  that  accidents  tend  to  occur  more  frequently  in  Janu¬ 
ary,  April,  July,  and  October  than  in  other  months.  The  paper  presents  the 

initial  analyses  and  discusses  the  proposed  investigations  of  this  iiattern, 
particularly  time-series  analyses.  The  paper  also  discusses  cyclic  human  fac¬ 
tors  that  the  author  suspected  were  operating  in  these  months  and  the  current 
investigations  into  changes  in  life  events  of  the  pilots. 

13.  Demaio,  J.,  et  al.  Visual  scanning:  Comparisons  between  student  and 

institute  pilots.  Brooks  AFB,  Texas:  Headquarters,  Air  Force  Human 

Resources  Laboratory,  AFHRL-TR-76-10,  June  197b. 


The  performance  of  instructor  pilots  was  compared  with  that  of  student 
[)ilots  in  two  visual  scanning  tasks.  In  the  first  task  both  groups  were  shown 


slides  of  T-37  instrument  displays.  Some  slides  contained  a  siynificaiiL 
deviation  froi;i  a  prodeteri;ii ned  straiyht  and  level  course,  and  tiie  task  was  to 
detect  the  error  as  quickly  as  possible.  Instructor  pilots  detected  error., 
faster  and  with  yreater  accuracy  than  student  pilots,  thus  providiny  evidence 
for  the  validity  of  the  procedures  employed.  Hoviever,  contrary  to  the  concept 
of  j  fixed  cross-check,  student  pilots  showed  a  yreater  tendency  to  use  a 
systei.iatic  search  pattern  than  did  instructor  pilots.  This  result  suyyests 
that  rattier  ttian  usiny  a  riyid  scanning  pattern,  instructor  pilots,  by  virtue 
of  tlieir  additional  fl  iyht  experience,  use  a  flexible  scanniny  strateyy  which 
allows  them  to  ei.iphasize  important  or  difficult  aspects  of  the  display. 

In  the  second  experiment  the  attention  diagnostic  mettiod  task  was 
employed  to  determine  if  tlie  experience  in  visual  scanniny  obtained  in  t.he 
flight  situation  would  transfer  to  a  novel  scanniny  task.  In  the  first  ses¬ 
sion,  instructor  pilots,  student  pilots,  and  a  group  of  university  students 
showed  no  differences  in  response  latency.  Instructor  pilots,  tiowever,  siiowed 
a  significant  linear  decrease  in  latency  over  the  course  of  eight  sessions, 
while  this  trend  was  absent  in  the  other  two  groups.  This  suggests  that 
instructor  pilots  learn  to  attend  to  critical  features  nKire  efficiently  than 
do  individuals  with  little  or  no  flight  experience.  The  results  of  the  pres¬ 
ent  experiments  recommend  the  use  of  a  variety  of  scanning  tasks  in  the  dPT 
program  to  facilitate  the  more  rapid  development  of  adaptive  scanning  strate¬ 
gies. 

14.  Demos,  D.  L.,  Pesidual  attention  as  a  predictor  of  pilot  perfon.iance. 

Human  Factors  20(4) -.43^-440  (1978). 

Sixteen  student  pilots  performed  a  task  combination  designed  to  measure 
residual  attention.  Scores  on  this  combination  were  correlated  with  perfor- 
inances  on  flight  checks  administered  periodically  during  fl  iytit  training.  The 
multiple  correlation  between  performances  on  the  flight  checks  and  the  task 
combination  increased  as  the  students  progressed  through  flight  training.  The 
usefulness  of  residual  attention  as  a  predictor  of  pilot  performance  is  dis¬ 
cussed. 

lb.  Dimitrov,  D.  Reasons  for  certain  errors  in  piloting.  Wnyht-Patterson 
AF8,  Ohio:  Translation  and  Foreign  Technology  Divisions.  Document 

No.  FTD-ID(R3)  1-1/62-76,  Feb  1977. 

A  series  of  case  histories  are  presented  that  highlight  pilot  factors 
which  might  have  an  iiapact  on  flight  performance.  Discipline,  fatigue,  and 

incomplete  learning  are  discussed.  No  data  are  presented  for  the  reader's 
inspection  or  analysis. 

16.  Directorate  of  Aerospace  Safety.  Change  pace  analysis.  Norton  AFB, 

California:  Air  Force  Inspection  and  Safety  Center,  Aug  1978. 

A  series  of  69  mishaps  wore  studied  as  to  type  of  activity  at  the  time 
the  mishap  occurred,  type  of  aircraft,  second-level  cause  factors,  and  unique 
factors  such  as  mission  urgency  and  stress. 

The  study  concludes  that  the  stability  of  USAF  destroyed-a i rcraft  rates, 
as  determined  in  1974-76,  is  changing.  The  1977-78  rates  appear  to  be  siynii- 
icant  increases.  Uf  the  mishaiis,  81%  occurred  during  daylight  hours  and  43'i 


were  involved  in  S(jecidl  ;;n  :,'j  i  ein, .  Acldi!.ioMd)  diulybe'-^  iii<jl)l  OjliL  Ltie  relulive 
cuntribo  t  uins  ot  experienet.',  itMiii'.iKj,  uvereoi  s;n  i.:  leti'- ,  and  d  i 'jlrnL  L  nm . 

17.  Famiglietti,  1..  ljuininc*  water,  bad  fur  iJilui.s?  Air  I  orce  I  naej,  'jc,; 
1979. 

This  article  discusses  Ari.ied  Torces  Institute  of  iMthol  'yy  (Af  Ii-*)  fmd- 
inys  that  quinine  contained  in  "r.nxers"  .aay  produce  spatial  d  i  sor  lenta  t  ion  and 
contribute  to  aircraft  laistiaps.  Ttie  yeneral  disruption  of  inner-ear  functions 
is  addressed  and  a  fortticoia i ny  AflP  study  is  cited. 

Id.  FI ackenbenj ,  d.  Pilot  factor  in  aircraft  accident  of  the  uernan  federal 
Ariaed  Force:,.  J_n  ii.G.G.  Corkindale  (Ld.).  Behavioral  aspects  ot  air¬ 
craft  accidents:  UATiJ  AGARli  Conference  Proceedinys  No.  13P.  London; 

leclinicdl  Fditinq  and  Rep.roduct  ion  Ltd.,  Dec  1973. 

An  .inalysis  was  nade  with  reference  to  the  i:iost  trequeiiL  types  of  pilot 
error  in  lb4  aircraft  accidents  v/nich  occurred  in  the  years  1967-  7G.  'Jf  spe¬ 
cial  interest  wore  d  i  f terencics  oetween  pilots  of  jet  aircraft,  propeller  air¬ 
craft,  and  helicopters.  Ihe  flyiny  experience  of  the  pilot,  liis  aye,  diu: 
other  tiiiie- variable  factors  weri'  also  taken  into  consideration. 

In  yeneral,  errors  predoiainaiitly  occurred  duriiiy  low-level  flight  and 
during  the  leading  phase  ii.iiaed lately  before  Louchdov/n,  In  jet  aircraft  acci¬ 
dents,  iiost  errors  were  coi.ii.ii  tted  oy  tlie  pilot  due  to  an  extreiae  workload  in 
iiandliny  his  aircraft.  In  other  categories,  particularly  propeller-driven 
aircraft,  the  ;:ioro  iironounced  types  of  errors  v^ere  tliose  Liiat  aay  do 

attributed  to  the  pilot's  personal  altitude  (in  extre.ae  cases,  resulting  in 
violations).  atner  aatliors'  findings  related  to  flying  experience  v/ere 
confin.ied,  Tiio  ago  d  i  st''ib'jt  ion  ot  iJilots  differed  remarkably  from  data  in 
other  publications. 

19.  Grahaia,  W.  liuiaan  factors  considerations  in  pilot  warning  instruiaent, 
systems.  Washington,  D.C.:  FAA  Gysteas  Research  and  Development  Ser¬ 
vice.  Report  No.  FAA-RD-/ 1 -1 14 ,  Doc  19/1. 

A  pilot  warning  instrument  (PUl)  alerts  the  pilot  to  the  presence  of 

potentially  threatening  aircraft  and  thereby  increases  the  probability  of 

detection.  FIvery  tiiae  a  RW!  alarms,  the  pilot  can  compare  the  position  of 
aircraft  seen,  if  any,  witii  the  information  given  by  ttie  PWl.  Whenever 
another  aircraft  is  seen,  the  pilot  can  consider  whether  or  not  the  PUI  tias 
signalled  its  presence.  These  experiences  will  condition  the  pilot  to  attach 
more  or  less  urgency  to  PWI  alarms,  and  Lite  degree  of  urgency  will  directly 
affect  the  ultility  of  the  PWl.  Some  rate  of  alan.is  on  undetected  targets 

will  cause  the  pilot  to  ignore  or  tarn  uf1  Llie  equipment.  The  question  of  the 

relationship  between  the  nature  of  alarms  and  pilot  [lerformance  is  quantita¬ 
tive;  a  simulator  capable  of  reproducing  the  same  stimulus  conditions  i .. 
essential  for  cumparison  of  various  PWl  systems.  A  simulator  capable  of  yon- 
orating  realistic  stiixili  is  essential  to  obtain  quantitatively  meaningful 
results.  Tliis  report  suinaarizcs  the  aspects  of  pilot  behavior  related  to  PWl 
operatior;  that  require  study,  outlines  a  i.iodel  for  generation  of  appropriate 
tiireat  environments,  and  describes  a  simulator  facility  designed  specifically 
to  study  the  human-factor  considerations  in  PWl  design. 


il'J.  Gunning,  P.  Time  estimation  as  a  tectiriique  to  measure  v/orkload.  Hui;iari 
Factors  Conference  Proceedings  22nd  Annual  Meeting.  Santa  Monica, 
California:  The  Human  Factors  Society,  Inc.,  1978. 

Based  on  S.  Hart's  (NASA  Research  Center)  findings,  a  secondary  task 
involving  tiiae  estimation  was  used  as  a  measure  of  workload  on  a  fliglit  sii:iu- 
lation  study.  The  results  of  the  time  estimation  task  were  compared  with  per¬ 
formance  scores  for  two  pilot  transport  craft  and  subjective  workload  ratings 
to  evaluate  the  adequacy  of  the  task.  The  successes  and  failures  of  the  tecii- 
nique  are  discussed. 

21.  Hartman,  B.  0.,  et  al .  Fatigue  in  FB-111  crewmehioers.  Aerospace  Medi¬ 
cine  45(9)  :1(J26-1029  (1974). 

Fifteen  biomedically  dedicated  missions  of  8-hour  duration  were  flown  in 
the  FB-111  as  part  of  its  initial  operational  evaluation.  Each  two-man  crow 
provided  data  on  subjective  fatigue,  discomfort,  efficiency,  and  pre-  anc 
post-iai ssion  sleep.  In  addition,  urine  samples  obtained  from  one  crew  on  an 
unusually  demanding  mission,  were  analyzed  for  epinephrine,  norephi nephri ne , 
17-hydroxycorticosteroids,  sodium,  potassium,  and  urea.  The  data  showed  tliat 
tlie  crews  experienced  i;ioderate  fatigue  and  stress,  aggravated  by  physical 
discomfort,  from  which  they  recovered  after  one  night  of  sleep. 

22.  Hasbrook,  A.  H.,  et  al .  Performance  and  heart  rate  during  in-flight  'JSC 

of  a  compact  instrument  display.  Washington,  D.C.:  FAA  Office  of 
Aviation  Medicine.  Report  No.  FAA-AM-75-12,  Nov  1975. 

Instrument  panels  in  any  general  aviation  aircraft  are  becoiuing  increas¬ 
ingly  crowded,  presenting  the  pilot  with  an  instrument  scanning  problem. 

Because  most  aircraft  instruments  require  use  of  central  (foveal)  vision,  the 
pilot  iiust  look  directly  at  each  instrument  to  obtain  needed  information, 

taking  time  tliat  may  not  be  available  during  an  instrument  approach  to  pub¬ 
lished  minimums.  To  see  if  problems  of  adequate  scanning  might  be  alleviated 
by  reducing  and  changing  the  size  of  certain  instruments  and  utilizing  tiie 

pilot's  peripheral  vision,  an  in-flight  study  of  pilot  performance  was  con¬ 
ducted  with  an  experimental  instrument  display.  The  display  was  used  in 
flight  by  low-time  and  higii-time  professional  pilots.  The  major  findings  of 
this  study  indicate  that  pilot  performance  with  the  high-contrast  instrument 
display,  which  employs  a  vertical  and  horizontal  format  and  occupies  substan¬ 
tially  less  space  than  conventional  instruments,  is  equal  to  pilot  performance 
with  conventional  instruments,  in  spite  of  little  fami 1 iari zation  time  and 
wittiout  regard  to  pilot  experience.  No  difference  in  stress  (as  measured  by 
heart  rate)  was  evident  between  the  experimental  and  conventional  displays. 

The  pilot's  subjective  reaction  to  the  new  type  display  was  favorable.  Panel 
space  requirements  can  be  reduced  at  least  25%  by  using  the  design  concepts 
outlined  in  this  study. 

23.  Hoffman,  W.  C.,  and  W.  M.  Hollister.  General  aviation  pilot  stall-aware¬ 

ness  training  study.  Washington,  D.C.:  FAA  Systei:is  Research  and 

Development  Service,  Report  No.  FAA-Rn-77-26,  Sep  1976. 
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Stdll/s;in:  .ic':  i 'It'ni.s  i  tivt)l  v  i  ti(|  'jctii-c  . !  ivi.ii  iwii  iir'Li'.it'  cin-'Mnt.  t  ur 
Idryo  nuiiil)er  of  fai  il  and  'Oir  i  otj  i  r  .lur  i  i'-,  ,  In  .m  cftorl.  i  o  I'oiluci-  ffto.  acci- 
doiit  rate,  t'eais  is  |)Lic:od  on  i  u'  iMt.nif  i  a  i  of  cniKUK-cl  >'  'r, lining  m  l.'O' 
areas  of  sfall  '.^lin  necot'n  1 1 1  ort,  ovo  i  d.nu.'',  and  rinjov'oi'y. 

The  object  i';d‘.  of  IT'.i'.  study  were  to  di-Ler.Min.'  '  he  weaknesses  of  present 
f11yht  Iraininj  syllabi,  t.he  nie'thuds  of  Liainiruj  used,  irni  ihe  fli'jlit  instruc¬ 
tion  presently  provided  in  the  stall 'suin  ar^i;  to  coneeive^  an  experisiental 
stall/sfiin  increment  to  an  established  tlnjht  and  <)round  trainintj  syllabus, 
and  to  conduct  flight  and  ground  test  oval uat ' ons  of  this  s/llabus  chainje  and 
the  fl  I'jfit  i  n;,.  ■  r'u(.  t  m.'ii  t-  an,:  jues  :  red,. 

Volunteer  student  jiiluls  were  divefed  into  ‘uur  jreups  tor  the  evaluution 
procedures;  iroii  ■  I  wu';  thi'  cont.r'd  u;ou;i  and  rsn  ,.m  oed  no  additi  inal  .lull  ' 
spin  i  nt  t '''.ic  1 1  on  ,  •'iri.'no  p  Cruieiv'd  a- 1 ;  1 1  i  >  ma  1  'jrunnd  instruc'  ion  in  stalls/ 
spins;  droUi.i  ,1  rec>,mve.d  p  tioufs  oi  'Mutit  instr'iction  on  st.all  and  spin  avoid¬ 
ance  in  addition  to  I'lt,;  ciround  sct’.ooi  i(u,remc-nt,  (iroup  4  was  (jiven  tfie  same 
instruction  as  brou  a  j  plu-.  Irainiai  m  i  ntiuit  i  on  a  1  spins.  'valuation  fligh' 
tests  were  conducteP  erior  to  aid  ai'er'  iie  rMiniiuj  pi'ciod. 

Results  indiCite  tliat  addmmua;  oro.u.d  'rji  iru|  in  the  subject  of  stall 
and  spins,  additi. .mal  tiipht.  tra.-'s')  o,n  siall  awareus-s  s ,  .in,:i/or  i  nt.ont  i  on  a  1 
sp'n  ''"aiaich  would  ai  na- ■*  ,,  aos ; '  ■  vv  int  lienee  on  rs.'duci'uj  inadver'tent 
s t a  I  Is  ! M ' !  s  I  . I ; s . 

.  hop'  ois.  a.  dwW  m.a ' '"i  .li  vou  ay  for  'tiat  bo*.;-'  human  Tactors 
1  /  (o  1 :  ob3-b4  I  (  It)/ hi . 

tome  cl.iimed  cost,  safety,  '.-i  ;  i  c  i  lancy ,  .md  et  t  ect  i  veness  advantages  of 
aircraft,  simalatora  fur  tratning  are-  egu  i  voca  1 .  1 1 1  ec  1 1  veness  of  smiulator 

training  dejjonds  mostly  upon  Itie  trsaininu  oroin.-.lures .  httier  factors  alleged 
to  influence  ttie  effect  i  vi.uiess  of  s  i  .uu  1  af  or'S  vary  in  ttieir  demonstrated  impor¬ 
tance.  Itiese  are  considered  m  the  contc'Xt,  of  pliysica!  simulation  vs.  psy- 
cfiological  simuial.ion,  s  imul  ul.  i  on  lidelity  and  motivation,  and  pilo':  accep¬ 
tance.  One  of  ttie  more  cosi  ly  areas  of  engineer-ing  hev>?lupment  to  increase 
fi'lelity  of  pfiysictil  simulation  's  aiotion  syst.eiiis.  No  experimental  evidence 
IS  availabl,.'  to  show  tti.rt  oiiiiuljtor  motion  .ontnuci.-s  i.ransfer  of  training. 
Cost  ef  f  ect,  I  veness  has  rut  oeen  demo, ■r,!.  rated  lor  many  interesting  and  attr.ic- 
tivo  features  that,  are  stand.ird  trimming-,  r)n  1  1  igfit.  training  simulators.  The 
.icciu  is  i  1 1  on  oi  simulal.or,  i.osting  •.I'veril  times  .is  mucli  to  own  and  0|ierate  as 
their  counterpart  airplanes  m.iy  produce  u  backlash  that  will  set.  back  the 
desirable  use  ol  cost-effective  ;>  i.mi  I  at  ui  ,  in  r'eusona'il  e  rosearcfi  and  training 
programs . 

2b.  Israel,  li.  R.,  et  al.  Rationale  for  iiiiprov  i  ng  llie  protection  against 
midair  collision.  wash  ifi';tori,  ll.C.;  fAA  A':>soc  i  at.,'  Administrator  for 
fngineering  and  [ievelopment. ,  Report  No.  lA," -I.!)- /b- i ,  Vol.  1,  dec  1')/.). 

Ihis  docameiit  summarizes  the  findings,  cuncl  us  i ’’ins ,  and  recomiiendai.  i  on- 
of  .1  federal  Aviation  Administrat  ion  vvorking  group  est.abl  ished  under  t.he 
auspices  of  t.fie  Associat  e  Admi  n ' nsl.ral.or  for  (ngineering  and  Devel oiiment  to 
consider  the  pertinent  data,  ainlyses,  te-.'  ,,  and  other  factors  'oearing  on 
possible  methods  and  lechnigiios  t-u  ;uev,;niing  midair  collisions.  '^and.itory 
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airborne  col  1  ision-avoidance  equipment  has  no  apparent  benefit  for  iiiuch  of  Ui.,- 
fleet.  Supportiny  details  and  infoniiation  developed  by  the  workiny  yroup  ar^ 
available  in  the  form  of  a  larye  number  of  self-explanatory  briefiny  cliarts 
and  tables  which  are  contained  in  Volume  11.  Source  documentation  is  listen 
in  tlie  b ibl  loyraphy . 

2b.  Kelly,  M. ,  et  al  .  Air  combat  .iianeuveri  ny  performance  measurements. 

Human  Factors  Conference  Proceedinys  i?3rd  Annual  Meetiny,  pp.  334-32ci. 
Santa  Monica,  California:  The  Human  Factors  Society,  Inc.,  1979. 

Due  to  the  complex,  dynamic,  and  fast-moviny  nature  of  the  air  combat 
task,  performance  assessment  duriny  air-to-air  combat  provides  many  unique 
measureiiient  problems.  A  comoined  analytical  and  empirical  technical  approach 
was  used  to  develop  a  candidate  measurement  structure  and  alyorithm  for 
measuriny  pilot  performance  duriny  one-versus-one  combat  maneuver iny.  Thirty 
pilots  and  405  ai'^  enyayements  were  considered  in  the  analysis. 

dearly  all  22  candidate  .neasures  were  found  to  discriminate  between  hiyh- 
and  low-skilled  pilots  duriny  free  enyaye.iients  on  the  simulator  for  air-to-air 
combat.  Discriminant  analyses  provided  a  measurement  alyorithm  consistiny  of 
13  measures  that  accounted  for  51%  of  the  variance  in  the  performance  data  and 
which  predicted  membership  in  high-  or  low-skill  groups  with  92%  accuracy. 

27.  King,  N.  W.,  and  E.  E.  tddowes.  Similarities  and  differences  among  supe¬ 
rior,  iiiaryinal,  and  eliminated  undergraduate  pilot  training.  Williams 
AFB,  Arizona:  Air  Force  Human  Resources  Laboratory.  Technical  Report 
do.  AFHRL-76-12,  May  1976. 

A  recent  study  of  attrition  of  students  from  undergraduate  pilot  training 
(UPT)  revealed  a  number  of  problems  with  DPT  as  perceived  by  the  eliiinnees. 
That  study,  however,  could  not  determine  whether  the  problems  were  specific  to 
eliminees  or  whether  they  wei^e  indications  of  general  problems  for  all  students 
in  UPT.  This  study  gathered  data  about  training  problems  from  students  about 
to  graduate  from  JPT.  Comparisons  of  information  from  the  graduates  with 
information  from  the  el  i.iiinees  permitted  conclusions  to  be  drawn  as  to  prob¬ 
lems  general  to  U^^T  students  as  opposed  to  those  specific  to  students  elimi¬ 
nated  from  the  program. 

2d.  Kirkliam,  W.  R.,  et  al.  Siiatial  disorientation  in  general  aviation  acci¬ 
dents.  Oklahoma  City,  Oklahoma:  Federal  Aviation  Admininstration. 

Technical  Report  No.  FAA  l\M-78-13,  Mar  1970. 

Accident  reports  made  by  the  National  Iransportction  Safety  Board  for  a 
recent  6-year  period  were  reviewed.  Statistical  computations  were  made 
relating  spatial  disorientation  (SO)  to  fatal  accidents.  SD  was  involved  in 
2.6%  of  all  general  aviation  accidents,  nonfatal  and  fatal.  However,  SO 
ranked  as  the  third  highest  cause  in  fatal  small  fixed-winyed  aircraft  acci¬ 
dents  and  was  closely  lelated  to  the  second  highest  cause,  continued  VFR 
flight  into  adverse  weather.  SI)  was  a  cause  or  factor  in  16%  of  all  fatal 
accidents.  When  SD  was  described  as  a  cause  or  factor  in  an  accident,  90%  of 
the  time  that  accident  involved  fatalities.  Small  fixed-winy  aircraft  (under 
12,500  lb)  accounted  for  97.3%  of  all  SD  accidents. 
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Kowdlbky,  “I.  I-'. .  ,  •ji  ill.  ,'\ri  .Hilly,!',  vi!  ,11  1  jL-otTur-rel  dLed  dU'Ci'dfL 

acculetil'j.  ui^jLon ,  iJ.L.;  Nat.ioiidi  AcfotidJ  1 1  c  j  diid  budce  /Ididinio- 

irdlioii.  IvuiiDri.  du,  (.Kk’44'l.  jhh  IdZ-l. 

A  i:iu  1  Li  d  1  sc  i  |,' I  1  ruir  y  Lojm  ,i,i;)r..idcli  Lu  jii  1  oL-crrur-rc I  died  U.S.  dir  carrier 
jet  aircraft  accident  1  nvesi  I'lat  lun  records  '.uccessf.i  1  ly  reclaii.ied  hidden 
liui;iaii-error  infori.iatiun  not  shuon  in  'st-j 1 1  st i ca I  studies.  New  analytic  tech¬ 
niques  were  develajied  and  apiil  ied  to  liie  data  to  discover  and  identity  i.iulti- 
ple  elei'ients  of  comnonal  ity  and  snared  character  1  sL  1  cs  within  tins  yroup  ut 
accidents. 

Three  techniques  of  analysis  were  used;  (1)  Lr  1 1  i  ca  1 -el  eiiient  analysis, 
which  dei.ionscra  Led  ihe  naportance  of  a  subjective  qial  i  cati  ve  approach  to  raw 
accident  data  and  surlaced  inTorruiLion  heretofore  unavailablei  (d)  cluster 
analysis,  which  was  an  expluratury  researcli  tool  Lliai.  will  lead  to  increased 
understandi  ny  ansi  1, (proved  oryanization  o1  iacts,  the  discovery  of  nevi  laeaniny 
in  larye  dat.i  sets,  and  ttie  yeneration  ol  is^planatury  hypoLlieses,  and  (j)  pat¬ 
tern  recoqn  j  t  Ion,  by  w-hicii  uccideni.s  can  in'  c.iteyorized  oy  pattern  cunfon.iity 
after  cr  1 1 1  cal  - c I  Oi.ient  ident  1 1  ic.i.  ion  by  cluster  analysis. 

30.  Krause,  n.  L.  A  iisycho! oy  ica I  Jirproucli  10  aviatiun  safety,  tijxwell  Ai  d, 

Alabaiiia;  Air  'doMiand  and  blaif  colleye.  deport  No.  13bd-//,  Hay  10//. 

Pil..)t  j:id  su  (ler I ‘,..,r'y  eri'or  cont  1  n  i>  account  t.ir'  over  vine-halt  of  tlu; 
Air  Force's  aviation  accidents.  Itireun-h  ,1  sur'vey  oi  '>0  pilots,  this  study 
attei:i|iL'S  to  ii.'ply  psycholoyical  princi.iies  to  aviati-ai  safety,  emphasize  the 
salient  (isyctio  1  oq  ical  atlribute.',  of  the  p)l',,t,  and  provide  a  behavioral  frame¬ 
work  within  whicli  to  i.iotivate  the  ,/ilot  to  act  safely. 

31.  Levison,  h'.,  et  at.  Model  iny  the  elfects  ol  env  1  roniaental  factors  on 

huiiian  control  and  infor.aaL i.jn.  '.ir iy nt-i’a tlerson  ,A1  ,  Dhio,:  Air  Force 

MediCv'il  Research  Laboratory.  A,'1RL  -  f,-:- /o- /4 ,  Any  i'J/O. 

The  opUiaal -control  pi  1  ot/vehicle  .lovlel  lias  been  modified  to  allow  a 
different  Lreatiaent  of  laotor- rel  at  ed  pilot  "noise."  Specifically,  the  concept 
of  "pseudo  laotor  noise"  has  been  n.ip  i  omen  Led  to  provide  a  model  parameter 
related  more  directly  to  unccrta  mties  about  tiie  control  systeia  as  well  as 
uncertainties  about  the  pilot's  contr’ol  input.  In  addition,  noise  is  injected 
on  control  rate  as  suyyested  in  .1  .irevions  study. 

Application  of  the  revised  model  does  not  support  the  hypoLhesi  >  Lliut 
vibration  deyrades  track  iny  iierformance  by  im.erferiiKj  with  motor-related 
feedbacks.  A  mor'.i  teiiahie  liypvitlu'S  i is  tiiai,  vihrMlion  introduces  vinwuiiLed 
stochastic  control  inputs  that  directly  perturb  the  coip.rol  system. 

Sc.  Matheny,  U.  G.  Iraininy  research  proyrai.i  plans:  Advanced  siiiiu  1  at  1  on  in 
undergraduate  pilot  traininy.  brooks  AIB,  Texas:  Air  force  Huniaii 
Resources  Laboratory.  Tecfinical  Report  No.  AJA- Jl y-4ljb,  June  iJ/b. 

This  study  reviewed  .major  truininy  reseurcfi  questions,  assessed  prion 
ties  via  Delphi  technique,  and  produced  a  list  ut  critically  needed  studies. 
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Simulators  were  determined  to  be  a  useful  adjunct  in  the  study  of  DXJtion/ 
vision,  visual  display  contact,  sequencing  of  training  tasks,  cognitive  pre¬ 
training,  individualized  instruction,  feedback,  and  instructor  training, 
ifethods  for  measuring  the  rate  of  stall  of  acquisition  were  also  provided. 

i'i.  ilov/lbray,  J.  F.  Identifying  and  quantifying  ttie  criticality  of  human- 
factors  deficiences  in  naval  aircraft  cockpits.  Maval  Post  Graduate 
School,  California:  Master's  thesis.  Mar  1977. 

Human  factors  and  system  safety  erigineering  concepts  frequently  liave  not 
been  incorporated  in  the  design  of  U.S.  Navy  aircraft  cockpits.  The  relation¬ 
ship  of  human-factor  cockjjit  deficiencies  to  pilot  error  and  operator  ineffi¬ 
ciency  is  examined,  and  tlie  need  for  a  comprehensive  data  base  of  these 
deficiencies  is  demonstrated.  A  questionnaire  was  designed  and  developed  to 
collect  the  required  data  from  the  operators  of  naval  aircraft.  Questionnaire 
results  substantiate  the  validity  of  the  method  for  gathering  human-factor- 
deficiency  data.  Recommendations  are  made  for  expanding  data  collection  to  a 
Navy-wide  basis. 

34.  Mrosla,  C.  A.  Fatigue  and  aircrew  laanagement.  Maxwell  AFB,  Alabai.ia: 

Air  Command  and  Staff  Col  1 ege/tDCC.  Report  No.  1730-77  ,  May  1977  . 

The  author  expresses  increasing  concern  over  the  human  factor  involved  in 
the  C-141  accidents  in  the  Military  Airlift  Cosinand.  In  particular,  the 
fatigue  factor  is  analyzed  in  regard  to  the  crew  duty  limitations  imposed  by 
current  regulations.  This  study  incorporates  results  from  available  tests  and 
research  on  fatigue  and  synthesizes  information  from  dozens  of  articles  writ¬ 
ten  by  doctors,  crewmen,  and  safety  agencies.  The  conclusion  of  this  study 
emphasizes  the  need  to  reduce  the  crew  duty-time  limits  in  a  noncoiubat  envi¬ 
ronment. 

35.  North,  R.  A.,  and  K.  Graffunder.  Evaluation  of  pilot  workload  metric  for 

siiailator  VTOL  landing  tasks.  Proceedings  of  The  Hui.ian  Factors  Society 
23rd  Annual  Meeting,  pp.  357-361.  Santa  Monica,  California;  The  Huiuan 
Factors  Society,  Inc.,  1979. 

A  methodological  approach  to  measuring  workload  was  investigated  for 
evaluation  of  new  concepts  in  VTUL  aircraft  displays.  Multivariate  discrimi¬ 
nant  functions  were  formed  from  conventional  flight  performance  and/or  visual 
response  variables  to  best,  detect  experii.iental  differences.  Tlie  flight  per¬ 
formance  variaole  di scriiiiinant  showed  jnaximum  differentiation  between  cross- 
wind  conditions.  The  vi sual -response-measure  discriminant  maxi.nized  differ¬ 
ences  between  fixed  vs.  i:)otion  base  conditions  and  experimental  displays. 
Physiological  variables  were  used  to  predict  the  discriiiiinant  function  values 
for  each  subject/condition/trial.  The  vveights  of  the  physiological  variables 
in  these  equations  showed  agreement  with  previous  studies.  High  muscle  ten¬ 
sion,  light  but  irregular  breathing  patterns,  and  higher  heart  rate  with  low 
amplitude  all  produced  higher  scores  on  this  scale  and  thus  represented  higher 
workload  levels. 

36.  Pierce,  !3.  •!.,  and  J.  DeMaio.  Validation  of  an  in-flight  performance 

methodology,  F-Y  ground  attack  training  evaluation.  Proceedings  of  The 
Human  Factors  Society  23rd  Annual  Meeting,  pp.  32U-323.  Santa  Monica, 
California:  The  Human  Factors  Society,  Inc.,  19/9. 
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Validity  and  applicability  were  assessed  tor  a  i.ieasoreinent  ,:iethodol oyy 
developed  to  evaluate  airborne  perfonaance  on  conventional  weapon  delivery 
maneuvers.  The  i;iethodol ogy  provides  an  analysis  of  pilot  perfoniiance  using  a 
stage-by-stage  rating  technique.  Pilots  assigned  to  an  F-4  training  squadron 
served  as  subjects.  Instructor  pilot  ratings  of  tlie  individual  stages  of  tlie 
delivery  yielded  a  reliable  indicator  of  the  quality  of  performance  on  that 
pass.  The  data  addressed  issues  regarding  which  stages  ot  the  maneuver  were 
most  difficult,  which  improved  most  over  training,  and  to  what  extent  thi., 
iiaprovement  affected  performance  on  the  entire  delivery. 

37.  Price,  D.  L.  The  effects  of  certain  gimbal  orders  on  target  acquisition 

and  workload.  Human  Factors  17(b) :b71-76  (197b). 

If  air-to-ground  imaging  sensors  are  i.iounted  to  aircraft  by  different 
gimbal  order  systems,  the  displayed  scene  will  rotate  differently  even  though 
the  flightpaths  are  identical.  Eigiiteen  experienced  pilots  were  tested  to 
investigate  the  effects  of  three  gimbal  orders--rol 1-pitch,  yaw-pitch,  and 
pitch-yaw — on  target  detection,  recognition,  and  identification  performance 
and  also  on  operator  workload.  The  pitch-yaw  gimbal  order  was  associated  with 
the  greatest  range-to-taryet  scores  and  the  lightest  workloads. 

38.  Read,  R.  Midair  collision  prevention  of  VFR  low-altitude  training 

routes.  Maxwell  AFB,  Alabama;  Air  War  College.  Teclinical  Report  No. 

181,  Apr  1977. 

The  limitations  of  see-and-avoid  imposed  on  the  pilot  are  reviewed,  and 
actions  are  recommended  to  lessen  the  effect  of  these  limitations.  Some 
actions  are  already  being  pursued,  while  others  require  support  from  the  DOD 
and  the  FAA  for  initiation.  Recommended  actions  are  listed  in  order  of 
priority. 

1.  Reduce  the  total  number  of  routes  by  eliminating  and  further  com¬ 
bining  routes.  This  action  is  considered  primary  as  it  can  be  accomplished  by 
DOD  efforts  alone  and  is  necessary  if  the  sectional  printing  program  (Action 
No.  2)  is  to  gain  acceptance  of  the  civil  aviation  coiamunity. 

2.  Initiate  the  Sectional  Aeronautical  Chart  printing/publicity  pro¬ 
gram.  This  action  is  considered  the  only  suitable  means  available  to  adver¬ 
tise  tl.-j  locations  of  the  routes  to  the  general  aviation  pilot  in  a  usable, 
practical  method.  It  would  be  number  one  in  priority  if  reducing  the  number 
of  routes  was  not  necessary  in  order  to  prevent  the  potential  unacceptable 
clutter  from  charting  all  present  routes. 

3.  Equip  all  aircraft  using  low-altitude  training  routes  with  high- 
intensity  strobe  lights.  This  program  should  be  continued  on  the  schedule 
recoiniiended  by  the  General  Officer  Panel  with  eiaphasis  on  these  aircraft. 

39.  Ricketson,  D.  S.,  ot  al .  Incidence,  cost,  and  factor  analysis  of  pilot. 

accident  errors  in  U.S.  Army  aviation.  Jji  K.G.G.  Corkindale  (Ld.). 

Behavioral  aspects  of  aircraft  accidents;  NATO  AGARD  Conference  Pro¬ 
ceedings  No.  132.  London:  Technical  Editing  and  Reproduction  Ltd., 

Dec  1973. 


Froiti  19b3  throuijh  1972,  pilot  error  wds  a  consistently  larye  and  costly 
cause  of  accidents,  i’ast  analytic  and  prevention  efforts  have  not  approached 
pilot-error  accidents  in  the  context  of  malfunctions  amony  tlie  oasic  iian- 
aachine-envi ronment  elements.  Such  an  approach  was  proposed  and  seeks  to 
identify  the  common  hjaan-error  events  in  pilot-error  accidents.  A  partial 
test  ot  this  approach  was  nade  with  helicopter  and  airplane  iinshap  infonnation 
'n  its  present  forn.  A  factor  analysis  produced  nine  meaninyful  and  represen¬ 
tative  factors;  disorientation,  overconfidence,  procedural  decisions,  crew 
coordination,  experience,  precise  iiiultiple  control,  task  saturation,  atten¬ 
tion,  and  weather.  A  component  score  analysis  yielded  pilot  and  mishap  back- 
yround  information  which  was  helpful  in  interpretiny  the  factors.  An  experi¬ 
mental  human-error-events  reportiny  fonii  was  developed  which  holds  promise  for 
clearer  identification  of  aiisliap-causiny  system  elements  and  corrective 
;iieasures  required. 

40.  Robins,  J.  L.,  and  T.  G.  Ryan.  [Evaluation  of  the  role  of  simulators  in 

training  airborne  ASN  operations?  j_n  K.G.G.  Corkindale  (Ld.).  Behav¬ 
ioral  aspects  of  aircraft  accidents:  NAfO  AGARD  Conference  Proceedings 
No.  132.  London:  Technical  Editing  and  Reproduction  Ltd.,  Dec  1973. 

This  study  investigated  tiie  effectiveness  of  U.S.  Navy  device  2Fb9B,  a 
■weapons  trainer  for  the  P3A  and  P3B  aircraft.  The  device  provides  tactics 
crev/s  with  team  training  in  the  detection,  tracking,  and  destruction  of  iiiodern 
deep-diving  submarines.  Careful  selection,  variation,  and  control  of  proulem 
conditions  should  enable  instructors  to  train  the  tactics  teams  to  analyze  and 
respond  to  situations  likely  to  occur  during  the  actual  anti-subniarine-warfare 
missions.  Study  results  indicate  that  learning  takes  place  in  the  siiiiulator, 
with  positive  transfer  to  the  operational  environment.  However,  there  is  room 
for  improvement  and  modification  of  the  training  curriculum.  Tfiis  study  was 
performed  under  a  U.S.  Navy  NATLC  contract. 

41.  Rolfe,  J.  M.,  and  J.  W.  Chappelow.  The  application  ot  aircrew  opinions 

on  cockpit  tasks  and  equipment  to  flight  safety  research.  In  K.G.G. 
Corkindale  (Ed.).  Behavioral  aspects  of  aircraft  accidents:  NATO 

AGARD  Conference  Proceedings  No.  132.  London:  Technical  Editing  and 
Reproduction  Ltd.,  Dec  1973. 

Twenty-two  pilots  who  flew  LL6A  aircraft,  lb  crews  of  two-place  (pilot 
and  navigator)  LLGA  aircraft,  and  10  crews  of  four-place  (pilot,  co-pilot, 
navigator,  and  engineer)  aircraft  were  surveyed  on  tasks,  equipment,  and 
safety. 

Opinions  of  amount  of  workload  during  nine  phases  of  flying,  the  nature 
of  tfie  tasks  involved  at  each  phase,  and  cockpit  design  were  assessed  by  ques¬ 
tionnaires  completed  by  pilots.  The  premise  was  that  in  the  flight  safety 
context,  the  opinions  of  aircrew  on  the  conditions  of  their  job  are  particu¬ 
larly  relevant  to  accidents  attributed  to  human  error. 

42.  Sanders,  M.  G.,  et  al.  Personality  aspects  of  pilot-error  accident 

involveinent.  Washington,  D.C.;  U.S.  Army  Medical  Research  and  Devel¬ 
opment  Comimand.  USAARL  Report  No.  7b-l,  July  1974. 

The  consistently  high  frequency  of  pilot-error  accidents  in  both  ;iiilitary 
and  civilian  aviation  programs  does  iiiuch  to  support  exploratory  research  that 


‘Miijht  help  dileviate  Lhe  1  ei.u  LtilLell''.,  jixleeu  i'eraoiia  i  i  ly  lacLura  paea- 
tionridiro  (lo  hi)  aiul  d  dyiidiaic  dec  i  aion-i.idki  mj  La^K  'jnder  ri^k)  v^ere  'jiveii 
to  51  Anay  aviators.  Accident  files  were  then  exaciiiied  to  classify  llie  avia¬ 
tors  as  to  tiieir  prior  pilot-error  accident  i  nvol  vei.ieni, .  Ji  scr  nai  riant  analy¬ 
ses  revealed  tnat  the  dec  i  s  ion-:aaki  ikj  task  scores  were  anrelated  to  the  pilot- 
error  accident  'jroapiiKjs,  while  the  lb  id  jcores  vrere  able  to  correctly 
classify  dnX  of  the  aviators  as  to  whether-  or  not  cliey  had  been  previuasly 
listed  as  a  caose  factor  in  a  military  accident.  Uejiendoncy,  prac t i ca 1 i ty , 
and  forthr  iy  fitness  were  listed  as  coni-r  ibu  1 1  ny  variables. 

43.  Sanders,  M.  d.  ,  et  al  .  A  cross- val  idation  st  nly  jf  the  personaluy 

aspects  of  involvement  in  pilot-error  accidenis.  Wastn  ny ton,  d.C.; 

U.S  Army  Medical  desear,.h  ai.d  ilevel opi  lent  C.i.asijnd .  iJSAAKL  rteport  So. 
/b-Lb,  Mar  Ih/b. 

Pilol.-error  accidents  havi-  doiiiinateii  accident  statistics  consistently 
from  the  1940' s  to  tiie  ,o-est'ni  .  Sixty-jix  aviators  were  oiven  tfie  li/  Pf  in  an 
attempt  to  cross-val id.ite  the  findinys  reported  oy  Sanders  et  al  .  in  19/4 
(Ref.  42).  The  results  indicate  that  the  personality  factors  did  not  siyni fl¬ 
ea,  -ly  discriminate  between  the  pilo^-error  accident  groups.  [lie  primar-y 
personality  differences  between  the  present  sample  and  tlie  oriyinal  sa.,iple 
were  due  to  variation,  in  the  pilot-error  accident-free  yroujis.  The  findings 
indicate  that  individual  differences  in  personality  characteristics  of  the 
aviators  prevent  consiatetit  ideni i f i cat  ion  of  traits  associated  with  pilot- 
error  yroujis. 

44.  Sanlilli,  S.  R.  critical  interfaces  between  environiaent  and  oryanism  in 

class  A  mishaps;  A  retrospective  analysis.  Brooks  AFB,  Texas:  JbAf 

bchool  of  Aerospace  Medicine.  jAM-TR-dU-3,  June  1930. 

Aircr-aft  lisliap  prevention  efforts  in  llie  past  have  been  extremely  suc¬ 
cessful.  bince  1970,  however,  the  mishap  rate  decrease  has  leveled  off,  ana 
most  experts  .lyree  that  it  can  be  further  reduced.  Tins  study  focuses  on  ttie 
human- factor  aspects  of  mishap  caisation.  lluman-tuctur  aspects  have  been 
prominent  causes  of  tiisiiaps,  but  have  only  recently  received  siyinficani 
scrutiny.  The  assumption  of  this  study  is  that  both  tlie  environment  and  ttie 
organism  briny  with  them  a  certain  degree  of  mishap  potcMifial  which  is  trig¬ 
gered  by  the  interface  of  the  two.  Determining  tliese  critical  interfaces  Oy 
retrospective  analysis  of  past  unstiaps  is  the  methou  used  here,  the  i.,ii,ied i ,itu 
goal  IS  to  define  the  [iroblem  more  clearly. 

A  series  of  34  major  variables  were  atialyzed,  12  attributable  to  the 
enviroriiiient  and  22  attributable  tc  the  operators,  bpecial  attention  v;as  pai  1 
to  physical,  system,  and  descriptive  variables.  Kecoiin.iendat  1  ons  are  otfered 
for  future  efforts  to  avoid  these  critical  interfaces  or  to  decrease  the  mis¬ 
hap  potential  inherent  in  ttie  environment  and  tlie  organism. 

4b.  Savage,  R.,  et  al  .  tvaluation  of  tiie  serisitiviiy  of  various  i.ie.isures  ^,■l 
operator  workload  using  random  digits  as  a  secondary  task.  Iluiian  lac- 
tors  20:649-b4  (19/8). 


Problems  have  been  encountered  in  previou  .  research  in  develupiny  a 
secondary  task  measure  of  i.iental  win'kluad  that  is  b.il.li  sensitive  and  stalile. 


Ordinarily  a  s  i  mj  1  e  laea-jure  ot  socundar./  laik  ib  an.ilyzed  a.,  an  iiiJiLaLur  ot 
difference  in  vjorkload.  The  purpose  ot  tdie  ex|jeriuienl  rei,ur".ed  lurre  was  Ij 
determine  whetiier  alternate  measures  taken  fruai  a  sinyle  seconoary  task  aiiotit 
prove  liiuri?  sensitive.  Twelve  subjects  participated  in  tiie  experiiiienit 
involving  a  primary  task  (  ,ieter  pointer  nullimj)  and  a  secondary  task  (reaCiHy 
random  'Jryits  aluadj.  'ne  independent  variable  (pri.uary  tasi'  difficult,' 
level]  was  adjusted  oy  cnanjiny  the  number  of  .iieters  tiiat  had  to  be  nionitore'! 
(two,  three,  or  four  .neters).  Dependent  measures  were  taken  on  ttie  (1)  numiier 
jf  random  diyits  spoken  (usual  workload  torinula),  (d)  luiujest  I'ltervai  between 
spoken  responses,  (d)  lonyest  consecutive  string  of  spoken  digits,  and  (4)  trie 
number  of  "triplets"  spoken.  Results  stiow  that  dependent  measures  (1),  (d), 
and  (4)  were  significant,  witii  (1)  Deing  the  nost  sensitive. 

46.  Schiflett,  S.  ',1.  Voice  stress  analysis  as  a  measure  of  operator  work¬ 

load.  Proceedings  of  The  Human  Tactors  'jociety  ddrd  Meeting,  p.  k’3. 

Santa  Monica,  California:  The  Human  factors  Society,  Inc.,  19/9. 

This  study  atteiupted  to  determine  it  frequency  modulation  changes  can  De 

used  to  detect  the  dinuunt  of  situational  stress  in  tfie  voice  while  subject* 

performed  a  four-cfiuice  i  nformat  iori-reprocesb  i  ng  task  it  different  presenta¬ 
tion  rates. 

A  response  analysis  tester  (RATLK)  presented  a  four-choice  discriiiiind- 
tion  task  in  which  the  subject  was  required  to  match  a  res|)cnse  key  to  eacn  ot 
four  stimuli  (numbers  1,  C,  3,  and  4)  appearing  in  a  disiilay  window.  The 

sequence  of  stimuli  was  randomly  presented  in  an  autoaiat ic-paced  mode  fur  nine 
l-minute  tests.  The  stimuli  presentation  rates  were  set  at  one  synbul  per  l.o 
seconds,  0.75  second,  and  d.5(J  second. 

The  voice  was  analyzed  by  a  device  called  a  psychological  stress  evalua¬ 
tor  (PSC),  manufactured  by  Jeklar,  Incorporated,  and  develoiied  specifically  as 
a  deception-detection  instrnj.nent.  Voice  signals  were  initially  recorded  on 
aiagrietic  tape,  tnen  processed  through  filtering  circuits  and  displayed  on  a 
strip  chart  for  subsequent  visual  analysis  and  interpretation.  The  coded 
charts  were  subjectively  scored  without  any  knowledge  of  conditions  by  two 
interpreters  trained  to  recognize  stress  patterns  in  speech.  The  subjective 
scoring  criteria  were  translated  into  electronic  equivalents  and  auto.iidted  on 
a  Varian  73  computer  for  voice  pattern  recognition  analysis.  A  cumparison  of 
scores  from  the  subjective  versus  the  automated  outputs  was  analyzed  for 
extent  of  concordance. 

47.  Schwank,  J.  C.,  et  al.  Pilot  performance  during  flight  simulation  witti 

[leri  (iheral  ly  presented  visual  signs.  Proceedings  of  the  Human  factors 

Society  Annual  P3rd  Meeting.  Santa  Monica,  California:  The  Human 

Factors  Society,  Inc.,  1979. 

The  increasing  complexity  of  modern  aircraft  systems  places  a  substantial 
information-processing  load  on  the  pilot.  This  complexity  has  created  a  need 
for  alternative  methods  of  nonobtrusive  instrument  displays.  Recent  studies 
indicate  dual,  independent  systems  for  focal  and  peripheral  vision.  In  view 
of  nonconscious  processing  by  the  far  periphery,  it  follows  that  the  far- 
peripheral  visual  field  would  be  a  possible  location  tor  alternate  instrument 
(1  i  sill  ays . 


Thr^  a  c  .  1  .mki'.i,-;!  t  ■■,/■•  i--..-  ..iiai'  I'lvulviiiy  4ri  ,,idla 

trainees,  ittar.  i  nva.-s L '>j,; '^.lur  a :  ! in. :  i  vl-jk- ,  Llire..-  i.ypes  jf  inslruiaenL 

displays  duriiuj  m  a  .jA1-L  s  ;  .v.i  1  ai  .jr .  liOili  ex  per  iiaents  showed  riu 

decreiaent  in  pilot  ,ierfur.a,jri.ji‘  dari’Kj  a  !  int  ;  ns  tr  Jiaent  laaneover  irn^olv'iny 
noraidl  and  peripiiera!  di\.,.!ays.  SiOjert'.  were  less  prajiie  to  deviate  froai  a 
ijiveri  coiapass  heai.l  ni'j  isine  tti.'  pen  i  .iiara !  display  (PlI.iJOl).  A  secondary 
task  (digit  canceMMij)  ised  to  .<i  i.ilata  i.ee  >ndary  liSKs  involved  in  actnal 
flight  also  Old  not  diiainisli  i.ef  for  lance  across  JiSalays.  fhese  results  are 
consistent  witll  a  dial  theory  ot  vt.i.il  /roces  .  i  mj  and  the  notion  of  nonob- 
strasive  pro  apt.  inj. 

48.  Shannon,  K.  rl.  AppI  irat  i  on  of  i  i  ero'ur  lance  .aoJel  to  assess  aviatoi'' 

critical  incidence.  m  .  ..eed  >  i"i  s  m  Ine  :i..i.idii  !  actors  Society  dZnd 

Antv.a.l  de  Id..-'  il.  '..u  1  1  t  jrn  i  a :  I  tie  d.nian 

rjv..Lor:)  .^uciL'iy, 

Previo.ts  research  jv  sue  .iitn-'.i  hi.i  .!v.-«eloped  iii,,i..-  regression  eg.iations 
to  assess  stodent  .nia’.i'-  ..•eri,>  ,p  .,ir'  .■.rr.  stages  ot  naval  air  training. 

The  predictor  variables  oere  o.  .e.i  ai  error  ochavior  in  ttie  first 

Stage  of  training  (i.a  iMjry  enasel.  In.-  pof,(.s;,<.-  ot  the  present  researcti  ivas  to 
extend  tins  iiodel  ny  I  ong  i  tjui  na  1  i  y  .■s:,essing  /i  pilots  into  tne  fleet.  Mis¬ 
hap  safety  records  of  ttie.o  pil.'t.  oot  a  i  ov.-st  i gated.  jf  tins  saiaple,  ZU  had 
had  an  inciderit  anywher  -  t:  a  ,  '  :  '.i.i.c,  t,  r,  ■,  ...m-s  atte'  tne  othiiary  trainiriy 
phase.  1.1  i  serin  1  III  te  analysis  w.i  po- ron.ien  i.i.ng  a  two-group  separation  into 
critical  and  noncr  1 1 1  (.a  i  per'Uo'nei  s .  ine  ,,ios!ictir  variaoles  were  the  sane  Id 
factors  and  nine  staye  gr.iuc-s  j.-'l  Oe mg  lePel  develop;. lent.  A  chi-sguare 

Lest  was  pt;rtor,:ied  .m  the  d  • -..lole  ot  ired  ic  ted- ver  s.j  s-ac  to  a  1  critical/ 

iioiicr  1 1 1  Cal  Deliaviur.  Iiie  value  v/u  >  ’iig.s'iy  j  ig.n  i  t  leant  (x'^  ■  Id.U  p  <  ,001) 

vvitii  bd  hits,  d'o  nsso  ,  nid  .i  .>  r  cl. it  'on  at  A  paradoxical  trend 

was  indicated  iiy  the  d.iVj;  indi.  i  '  th  nigh  grade's  and  low  errors  were 

the  ones  who  had  tiie  .'i'i,,or  .anj'-e  ...itnips.  while  the  reverse  waS  true  of  the 
noncritical  performers. 

49.  biiannon,  K.  d.,  and  w.  h.  .iane.  oia.m  factors  appr.jach  to  aircraft  acci¬ 

dent  analysis.  J_n  K.G.G.  Lorkiadai:'  (i.O.j.  beliavioral  aspects  ot  air¬ 
craft  accidents;  ffAfd  .AGAK’i)  conference  i'roceed i ngs  No.  lid.  London; 
lochnical  Lditing  j'ld  iteprodnet i on  etd.,  Pec  Id/i. 

Naval  accident  reports  involving  the  I’-i  and  1-4  aircraft  vfere  examined 
over  5-  and  /-year  periods,  respectively.  p-3  data  from  July  19ot)  to  June 

1971  and  F-4  data  from  January  idoJ  to  December  19b9  were  collected  from 
records  kept  on  file  with  the  Naval  'uiiety  center  in  Norfolk.  Ttie  critical 

incident  technique  v«s  used  to  catalogue,  describe,  and  analyze  operational 
f] ightcrew  error  in  both  dircrali.  Ine  h-J  and  1-4  aircraft  were  selected 
because  of  their  coi.ipletely  different  fleet  missions  and  handling  characteris¬ 
tics. 

Human  errors  were  categorized  oy  three  types;  (1/  vigilance  errors,  (/ j 
procedural  errors,  (3)  perceptual  ..lotor  errors.  Phases  of  flight  operatiou 
were  divided  into  four  segments;  (1)  servicing  pref  1  igiit/postt  I  igtit ,  (Zj 
start/taxi/shutdown,  (3)  Lakeof f / 1  and  mg ,  (4)  inflight.  lour  remedial  areas 
were  ouLl  ined  for  reducing  hu..ian  er  ror;  (li  crew  coordination,  (Z)  design, 
(3)  discipline,  (4)  training. 


From  the  F-4  dccident  reports,  41?  hunidii  errors  were  isoldted;  and  from 
the  P-3  reports,  345  errors.  Twenty-eiyht  major  error  categories  emerged  fa.i 
an  analysis  of  these  errors.  The  accident  reports  were  further  analyzed  for 
errors  that  occurred  in  both  aircraft.  Twenty  common-error  groups  were  found, 
represent  i  rig  11.9%  and  13.3%  of  the  total  errors  in  the  P-3  and  the  F-4 

res(jectively.  Procedural  errors  and  the  flight  segment  of  the  takeoff/ 1 andi no 
shared  the  most  commonality  across  the  two  aircraft. 

The  results  of  this  investigation  suggest  that  although  common  errors  can 

tie  isolated  across  highly  dissimilar  aircraft  with  highly  different  flight 

missions,  they  comprise  a  relatively  small  percentage  of  total  errors.  By 

far,  the  majority  of  errors  concern  characteristics  unique  to  a  (larticular 
aircraft.  Implications  for  the  remedial  areas  of  crew  coordination,  training, 
discipline,  and  design  are  discussed. 

50.  Siegfried,  J.  G.  Psychophysiological  effects  of  ag i ng--devel opi ng  a 

functional  age  index  for  pilots:  II.  Taxonomy  of  psychological  fac¬ 
tors.  Washington,  O.C.:  Federal  Aviation  Administration.  Technical 
Report  No.  FAA  AM-73-16,  Mar  1973. 

One  major  objective  of  gerontological  aviation  psychology  is  to  determine 
the  psychological  variables,  functions,  abilities,  skills,  and  factors  that 
underlie,  constitute,  or  are  associated  with  pilot  perfor.iiance  and  profi¬ 
ciency.  They  must  be  identified,  analyzed,  and  measured  if  functional  age  is 
to  substitute  for  chronological  age  as  a  criterion  for  terminating  an  avia¬ 
tor's  career. 

Three  methodological  approaches  used  to  determine  the  psychological  and 
psychophysiological  factors  thought  to  be  representative  of  and  essential  to 
effective  pilot  performance  are  (1)  analysis  of  successful  pilot  behavior  as 
displayed  under  simulated  and  operational  conditions,  (3)  analysis  of  unsuc¬ 
cessful  pilot  behavior  (pilot  error)  as  related  to  aircraft  accidents,  and 
(3)  evaluation  of  pilot  performance  during  the  selection  and  training  proce¬ 
dures  as  reported  in  the  literature.  By  means  of  factor  analyses,  logical 
deductions,  and  clinical  interpretations  of  the  results  obtained  by  various 
investigators,  14  factors  are  identified  and  described.  These  are  (1)  percep¬ 
tion,  (2)  attention,  (3)  reaction,  (4)  orientation,  (5)  sensorimotor,  (b) 
stamina,  (7)  cognition^ientation,  (8)  interpersonal  relations,  (9)  decision 
making,  (10)  experience,  (11)  learning,  (12)  personality,  (13)  mechanical 
ability,  and  (14)  motivation. 

No  attempt  is  made  to  assign  weights  to  these  factors  or  to  rank  then  in 
accordance  with  their  importance  to  flying  proficiency.  However,  their  rela¬ 
tionship  to  age  and  the  aging  pilot  is  discussed. 

51.  Simpson,  T.  R.,  et  al.  Estimation  of  UG3RD  safety  benefits.  Washington, 

D.C.;  Office  of  Aviation  Policy.  Technical  Report  No.  FAA-A\/P-7/-3, 
Jan  19/7. 

This  study  estimates  the  value  of  aviation  safety  improvements  that  could 
be  obtained  by  implementing  various  alternative  configurations  of  the  Upgraded 
Third  Generation  ATC  Systeiii.  Estimates  are  based  on  the  central  assumptioti 
that  the  frequency  of  aviation  accidents  per  operation  observed  in  the  past 
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will  be  repeated  unless  identifiable  steps  are  taken  to  el  i.iiinate  spec  it  le 
classes  of  accidents.  Recent  accident  data  on  iindair  collisions  and  con¬ 
trolled  collisions  with  the  terrain  were  exaiiiined  to  identify  types  of  acci¬ 
dents  that  could  be  prevented  by  the  LIG3RD.  Preventable  accident  rates  were 
calculated  and  used  to  forecast  future  accidents  under  an  extension  of  today's 
system,  as  well  as  accidents  that  could  be  prevented  by  the  UG3RD. 

b2.  Smith,  J.  F.,  and  W.  G.  Matheny.  Continuation  versus  recurrent  pilot 
training.  Brooks  AFB,  Texas:  Air  Force  Human  Resources  Laboratory. 
Technical  Report  No.  AFHRL-TR-76-4,  May  1976. 

This  report  provides  a  brief  survey  of  literature  on  retention  of  motor, 
procedural,  and  comnunication  skills  judged  relevant  to  pilot  training.  Also 
included  are  data  concerning  more  recent  pilot  recurrent  training  information 
available  from  the  United  States  Air  Force,  the  United  States  Army,  and  the 
Federal  Aviation  Agency.  Implications  of  this  data  for  USAF  continuation 
pilot  training  are  discussed,  and  an  approach  to  obtaining  more  specific 
information  is  recomnended.  Some  of  the  findings  are  as  follow: 

•  Motor  skills  associated  with  VFR  flight  are  retained  longer  and 
regained  much  more  quickly  than  instrument  or  procedural  and  verbal 
ski  11s. 

•  Inactivity  for  1  year  results  in  near  maximum  loss  of  skills  (one 
estimate  is  90%),  and  subsequent  periods  of  inactivity  add  little  to 
average  upgrade  tiiiie  requirements. 

•  If  instrument  flight  skills  are  maintained  at  a  high  level,  contact 
flight  skills  tend  to  remain  at  an  acceptable  level. 

•  Overlearning  promotes  improved  retention  of  all  categories  of  skills. 

63.  Stodola,  E.  K.  Visual  collision  avoidance  in  high-speed,  low-altitude 

testing  and  training  operation.  Kirtland  AFB,  New  Mexico:  Air  Force 
Special  Weapons  Center  Report  No.  AFSWC-TR-7b-l ,  Apr  1976. 

This  technical  report  is  directed  to  the  special  problem  of  potential 
collisions  between  aircraft  of  different  operating  speeds,  and  examines  quan¬ 
titatively  some  factors  involved  in  determining  both  horizontal  and  vertical 
evasion  maneuvers.  Simple  criteria  are  given  for  assessing  collision  poten¬ 
tial  and  evasive  maneuvers. 

A  simplified  quantitative  consideration  of  collision  avoidance  by  an  air¬ 
craft  substantially  faster  than  the  possible-col  I ision-hazard  aircraft  indi¬ 
cates  that  judgments  of  collision  potential  and  avoidance  maneuvers  can  be 
based  on  simple  viewing  angles  rather  than  time-consuming  estimates  of  the 
rate  of  movement  of  the  line  of  sight  (relative  bearing  rate)  to  the  other 
aircraft.  In  altitude-change  evasion  maneuvers,  the  fast  aircraft  has  much, 
greater  potential  for  climb  than  does  the  slow  aircraft  and,  in  generdi, 
should  climb  rather  than  descend. 

64.  Storm,  W.  F.,  et  al .  Endocrine-metabolic  effects  in  short-duration, 

high-workload  missions:  Feasibility  study.  Brooks  AFB,  Texas:  USA! 
School  of  Aerospace  Medicine.  SAM-TR-76-30,  Aug  1976. 


A  study  was  conducted  at  the  USAF  Instrument  Fliyht  Center  to  test  an 
assembly  of  measures  for  assessiny  the  relative  inerits  of  various  fliyiit- 
instrumentation  systems.  The  USAF  School  of  Aerospace  Medicine  (SAM)  Stress 
dattery  was  included.  Eight  pilots  were  provided  with  three  different  flujIU- 
paths  associated  with  different  workloads.  Although  the  study  was  not 
designed  to  permit  an  opti:nal  evaluation  of  the  SAM  Stress  Battery,  anticii-a- 
tory  stress,  mild  flight  stress,  and  no  habituation  across  iiiissions  were 
noted.  The  SAM  battery  appears  to  be  a  useful  addition  to  the  flight- 
instrumentation  research  program. 

5S.  Storm,  W.  F.,  and  J.  D.  Flapenney.  Mission  crew  fatigue  during  Rivet 
Joint  operations.  Brooks  AFB,  Texas:  USAF  School  of  Aerospace  Medi¬ 
cine.  SAM-TR-76-36,  Sep  1976. 

Subjective  fatigue  and  sleep  data  were  collected  from  a  USAF  Security 
Service  airborne  mission  team  before  and  during  an  airborne  mission.  The  pri- 
iiiary  purpose  of  the  test  was  to  refine  the  procedures  and  analytical  tech¬ 
niques  in  preparation  for  an  upcoming  demonstration/evaluation  of  a  new  and 
•nodernized  system.  Results  indicated  that  only  minor  changes  in  procedures 
and  techniques  were  necessary.  The  data  also  provide  unique  baseline  informa¬ 
tion  for  future  comparison  and  evaluation  of  similar  data  from  the  modernized 
system. 

66.  Williams,  R.  R.  Proposed  military  characteristics  for  collision  warning 
device.  U.S.  Army  Aviation  Board.  Technical  Report  No.  AVN  4356,  Feb 
1957  . 

This  article  describes,  in  detail,  the  functional  characteristics  of  a 
collision  warning  device.  The  method  of  warning  and  presentation  of  data 
along  with  reliability  and  operability  dimensions  are  also  specified. 

57.  Williges,  R.  C.,  and  W.  W.  Wierwille.  Behavioral  measures  of  aircrew 
mental  workload.  Human  Factors  21(5): 129-141  (1979). 

Behavioral  research  literature  pertaining  to  the  measurement  of  aircrew 
workload  was  classified  into  general  categories  of  subjective  opinion,  spare 
mental  capacity,  and  primary  task  metrics.  Thirteen  specific  classes  of  work¬ 
load  measures  related  to  these  general  categories  were  reviewed  specifically 
in  regard  to  aircrew  workload  assessment  in  the  flight  test  and  evaluation. 
Each  class  of  measures  was  summarized  in  terms  of  background,  applications, 
and  implications  for  research  and  implementation.  It  was  concluded  that  no 
single  measure  could  be  recomnended  as  the  definitive  behavioral  measure  of 
itientai  workload.  Due  to  the  multidimensionality  of  workload,  the  most  proiii- 
ising  assessment  procedure  apparently  should  include  multiple  measures  of 
subjective  opinions,  spare  mental  capacity,  and  primary  task  measures  as  well 
as  physiological  correlates. 
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APPENDIX  B.  EXHIBITS  OF  INVESTIGATIVE  AIDS 


EXHIBIT  B-1.  CODING  GUIDE 


Computer  card 
column  # 


Aircraft  type 

(1-5) 

Date  of  accident 

(6-9) 

Mo 

.  Day 

Year 

Number  of  fatalities 

(10) 

Cost  of  accident 

(11-lB) 

WEATHER:  (Tab  C) 

Sky  condition 

1 

-  Clear 

2 

-  Obscuration  (19) 

3 

-  Cloud  cover 

4 

-  Turbulence 

Visibil ity 

9 

-  N/A 

(20-22) 

(Code  #  of 

miles) 

MD 

=999 

Wind  direction 

(23-24) 

Wind  velocity 

MD 

=99 

knots 

MD=999 

(25-27) 

Temperature 

Fahrenheit 

MD=99 

(28-30) 

Dew  point 

Fahrenheit 

MD*99 

(31-32) 

Weather  condition 

0 

-  Clear 

1 

-  Fog 

2 

-  Rain 

3 

-  Sleet 

(33) 

4 

-  Snow 

5 

-  Thunderstorms 

6 

-  Tornadoes 

7 

-  Special 

warnings 

9 

-  N/A 
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Aircraft 


I 


AL/LQUlPMlNT:  (Tab  D) 


roi  al  fl  iijht  hours  _ il  tiou rs( 34-38 ) 


Hours  since  last  overhaul 

MD=99999 

ll  hours(39-4;l ) 

Flight  hours  since  last 

MD=9999 

it  hours(43-46) 

overhaul 

MD=9999 

Engine ; 

Total  fl  igliL  hours 

it  hours(47-bl) 

iloiirs  since  last  overhaul 

MD=99999 

it  hours(b2-54) 

MD=999 


flight  Controls/Instruments:  (Tab  I  and  S) 


Flight  Controls 

0 

-  Operating 

(bb) 

1 

-  Defective 

9 

-  N/A 

ELECTRICAL/MECHANICAL;  (Tabs  I  and  S) 

Electrical  systei.i 

0 

-  Operating 

(bC) 

1 

-  Defective 

9 

-  N/A 

Hydraulic  systein 

0 

-  Operating 

(b7) 

1 

-  Defective 

9 

-  N/A 

Radio 

0 

-  Operating 

(b8) 

1 

-  Defective 

9 

-  N/A 

Engine 

0 

-  Operating 

(b9) 

1  -  Defective 
9  -  N/A 
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HUMAN  FACTORS:  (Tab  X 


Pilot  age 

Days  since  last  flight 

Hours  flown  previous  24  hours 

Hours  flown  previous  48  hours 

Number  of  sorties  flown 
previous  24  hours 

ID  Number 

Number  of  sorties  flown 
previous  48  hours 

Total  number  of  sorties  flown 
this  aircraft 

Hours  worked  previous  24  hours 

Hours  worked  previous  48  hours 

Hours  slept  previous  24  hours 

Hours  slept  previous  48  hours 

Hours  continuous  duty  prior 
to  mishap 

Ti;iie  in  cockpit  prior 
to  flight 

Number  of  days  since  last 
flight  (this  .nodel ) 

Flying  hours  (total) 


years  (blJ-61 ) 


MD  = 

99 

ff  days(62-65) 

MD  = 

9999 

if  hours(66-67) 

MO  = 

99 

ff  hours (68-69) 

MD  = 

99 

§  sorties(70) 

MO  =  9 

_  1  (71-74) 


If  sorties( 7b) 


MO  =  9 

ft  sorties( 76-73) 

MD  =  999 

ff  hours(l-2) 

99  =  MD 

if  hours(3-4) 

99  =  MD 

ff  hours(b-b) 

99  =  MD 

ff  hours(7-8) 

99  -  MD 

ft  hours(9-10) 

99  =  MD 

if  minutes(  11-13) 

99^  =  MD 

#  days(i4-16) 

#  hours(17-21) 

^9999 =  MO 


U2 


Flying  Iwurs  as  first  pilot  _  #  hours(.d^-26) 


99999  =  MD 

Flying  hours  (jet  time) 

99999  =  MD 

#  hours(27-31) 

Sorties  (this  aircraft): 

Prior  3L)  days 

99  =  MD 

#  sorties(32-33 ) 

Prior  60  days 

99  =  MD 

#  sorties(34-35 ) 

Total  weather  instrument  hours 

9^9  =  MD 

#  hours(36-38) 

Pilot  rating  (Tab  A) 

1  -  Pilot 

2  -  Senior 

Pil  ot 

3  -  Comand 
9  -  MD 

Pilot  (39) 

Tabs  (S  and  X) 

Noiiobservance  of  mission  rules 

0  -  No 

1  -  Yes 

9  -  N/A 

(40) 

Nonobservance  of  directives 

0  -  No 

1  -  Yes 

9  -  N/A 

(41) 

Nonobservance  of  air  discipline 

0  -  No 

1  -  Yes 

9  -  MD 

(42) 

Nonobservance  of  established 

procedures 

0  -  No 

(43) 

1  -  Yes 

9  -  MD 

Previous  number  of  similar 

missions 

555"=T1D — 

#  mi ssions(44-46 ) 
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Note;  The  nejct  eleven  items  refer  to  the  coder's  own  interpretetion  of  tliu 
accident.  If  you  feel  a  factor  occurred  during  the  flight,  mark  it 
down.  You  do  not  have  to  rely  on  the  opinion  of  the  Investigation 
Board. 


Channelized  attention 

0 

- 

No 

(47) 

1 

- 

Yes 

9 

- 

N/A 

Vertigo/Oi sorientation 

0 

- 

No 

(48) 

1 

- 

Yes 

9 

- 

N/A 

Distraction 

0 

No 

(49) 

1 

- 

Yes 

9 

- 

N/A 

Location  of  distraction 

0 

In  cockpit  (50) 

1 

- 

Outside 

cockpit 

9 

- 

N/A 

Panic 

0 

• 

No 

(bl) 

1 

- 

Yes 

9 

- 

N/A 

Alcohol /Drugs  12  hours 

prior  to  mishap 

0 

- 

No 

1 

- 

Yes 

9 

- 

N/A 

Work  load  too  heavy 

U 

- 

No 

(53) 

1 

- 

Yes 

9 

- 

MU 

Preexisting  pilot  illness 

U 

_ 

No 

(54) 

1 

- 

Yes 

9 

- 

MD 

Stress 

0 

No 

(55) 

1 

- 

Yes 

9 

- 

MD 

Overconfidence 

0 

No 

(56) 

1 

- 

Yes 

9 

MD 

Excessive  motivation  to  succeed 

0 

No 

(57) 

1 

Yes 

9 

- 

MD 
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Pilot's  physical  condition 


I 


i.(Mi'jth  ut  tl  icjitt 

SITUATION:  (Tab  C) 

Altitodc  when  mishap  sequence 
began 

line  of  day 

Phase  of  flight  (Tab  b) 


Mission  element 


ID  number 


1  -  Good  (58) 

2  -  Fair 

3  -  Poor 
9  -  MD 

_ #  hours(59-6U) 


#  Feet(61-65) 

99999  =  MD 

1  -  Dusk  (66) 

2  -  Dawn 

3  -  Day 

4  -  Night 

1  -  Takeoff  (67) 

2  -  Climbout 

3  -  Enroute 

4  -  Range 

5  -  Descent 

6  -  Landing 
9  -  N/A 

1  -  Air-to-ground  (68) 

ordinance 
del i very 

2  -  Low-level 

navigation 

(below  5000  ft.) 

3  -  Lov^-level 

maneuvering 

(below  5000  ft.) 

4  -  Air-to-air 

engagement 

5  -  Rejoin  formation 

6  -  Maneuver  with 

formation 

7  -  Search  &  rescue 

8  -  Acrobatics 

2  (71-74) 
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HUMAN-FACTOK  CONCLUSIONS  OF  INVESTIGATING  BOARD 


Psychophysioloyical  Factors: 


Food  poisoning 

U 

- 

No 

1 

- 

Yes 

(  1) 

Motion  sickness 

0 

- 

No 

1 

- 

Yes 

(  1) 

Other  acute  illness 

0 

- 

No 

i 

- 

Yes 

(  3) 

Other  preexisting  disease/defect 

0 

- 

No 

1 

- 

Yes 

(  4) 

Get-hoineitis 

0 

- 

No 

1 

- 

Yes 

( 

Hangover 

0 

- 

No 

1 

- 

Yes 

(  P) 

Sleep  deprivation,  fatigue 

0 

- 

No 

I 

- 

Yes 

(  7) 

Fatigue,  other 

0 

- 

No 

1 

- 

Yes 

(  3) 

Missed  meals 

0 

- 

No 

1 

Yes 

(  D) 

Drugs  prescribed  by  medical  officer 

0 

- 

No 

1 

- 

Yes 

(10) 

Drugs,  other 

0 

- 

No 

1 

Yes 

(il) 

Alcohol 

0 

- 

No 

1 

- 

Yes 

(13) 

Visual  illusions 

0 

- 

No 

1 

- 

Yes 

(13) 

Unconsciousness 

0 

- 

No 

1 

- 

Yes 

(14) 

Di sorientation/Vertigo 

0 

- 

No 

1 

- 

Yes 

(13) 

Hyp ox i a 

0 

- 

No 

1 

- 

Yes 

(16) 

Hyperventi 1 ation 

0 

- 

No 

1 

- 

Yes 

(17) 

Dysbaris.n 

0 

- 

No 

1 

Yes 

(Id) 

Carbon  monoxide  poisoning 

0 

- 

No 

1 

- 

Yes 

(19) 

Boredom 

0 

- 

No 

1 

- 

Yes 

(30) 

Inattention 

0 

- 

No 

1 

* 

Yes 

(31) 

Channelized  attention 

0 

- 

No 

1 

* 

Yes 

(32) 

Distraction 

0 

- 

No 

1 

* 

Yes 

(23) 

Preoccupation  with  personal  problems 

0 

- 

No 

1 

- 

Yes 

(34) 

Excessive  motivation  to  succeed 

0 

- 

No 

1 

- 

Yes 

(2b) 

Overconfidence 

0 

No 

1 

• 

Yes 

(36) 

Lack  of  self-confidence 

0 

- 

No 

1 

• 

Yes 

(27) 

Lack  of  confidence  in  equipment 

0 

- 

No 

1 

- 

Yes 

(23) 

Apprehension 

u 

- 

No 

1 

- 

Yes 

(29) 

Panic 

0 

- 

No 

1 

- 

Yes 

(30) 

Coder's  general  impression: 

Accident  sequence  initiated  by 

1 

- 

Human 

factors 

(31) 

z 

- 

Nonhuman  factors 

9 

- 

N/A 

Pneumatic  system 

0 

Operating 

(33) 

1 

- 

Defective 

9 

- 

MD 

lib 


InstruMentdtion 


0  -  Operating 
1  -  Defective 
9  -  MD 


(33) 


NdvigdLi'jn  systeri 

Other  systems 

Recently  unscheduled  maintenance 

Hours  flov^n  -  this  aircraft 

ID  number 


0  -  Operating 
1  -  Defective 
9  -  MD 

0  -  Operating 
1  -  Defective 
9  -  MD 

1  -  No 
1  -  Yes 
9  -  MD 


#  hours 
MO 


3 


(34) 

(35) 

(36) 

(37-40) 

(71-74) 
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EXHIBIT  B-2.  ABSTRACTING  FORM 


DOCUMENT  REVIEW 


HUMAN  FACTORS  IN  AIRCRAFI  ACCIDENT. 
("TECHNOEOOIES"  ARTICELS) 


ntle; 

Author,  organ! zation: 

Docuinent  nupber:  Date;  Reviewer: 

1.  Brief  description  of  article 


2.  Brief  description  of  technology 


3.  Problems  it  is  used  for 


4.  Method  by  which  it  was  tested 

a.  Number  of  cases; _ 

b.  Population  tested  (e.g.,  Air  Force,  Army,  civilian) 


c.  Description  of  testing  procedure 
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b.  Kl'ShHs  IJid  the  technology  work?  Note  liov/  the  eveloation  of  the 

tec  lino  logy  was  'iicicle.) 


6.  Cost  of  irnpl ei.ienti ng  the  technology  (if  available) 


7.  Were  other  technologies  mentioned  and  evaluated?  (If  so,  describe) 


8.  Reviewer's  perception  of  the  quality  of  the  study  and  the  technology 


9.  Other  studies  cited  that  may  be  of  use 
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oocurcNr  review 


I 


HUMAN  FACTUK3  IN  AIKCK.'FT  ACClULNTb 
("CAUSES"  ARTICLES) 


Title; 

Ajthor,  organization: 

Document  number;  Date:  Reviewer; 

1.  Brief  description 


2.  Source  of  data  used 


3.  Number  of  cases 


4.  Types  and  models  of  aircraft  (rotary/fixed  wing,  fighter,  trainer,  trans¬ 
port,  large/small  passenger,  etc.) 


5.  Effect  of  the  variable  under  study  (Including  variables,  dollar  costs 
associated,  strength  of  relationship,  relative  importance  of  variables  to 
other  factors). 


120 


6.  Reiieilies  suggested  to  overcome  problems 


7.  tvaluation  of  remedies 


8.  Reviewer's  perception  of  quality  of  the  study 


9.  Other  studies  cited  that  may  be  of  use 
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EXHIBIT  B-3.  MAJOR  HUMAN  FACTORS  INVESTIGATED  BY  AIR  FORCE,  ARMY,  AND  NAVY 


22 


EXHIBIT  B-4.  PERSONAL  DATA  RECORDED  (AF  Form  71 IGA) 


INSTUVCTJOHS  rot  COOtNG  FACt  *■  ftfSOHAL  iVMVlVAL  AMP  tSCATt  EQUiMtttNr 

Th»  and  '*  4  v«  i  i  «bi  *  **  6l*cAt  thmuid  6«  with  wn  X  tmr  and  latt  blank  for 

"Vo  "  ''M*d*rifad“  ratara  to  VSAf  maior  a»f  command  or  baa*  diractad  ra^uiremant.  “  Aaa  1 1  abl  a  "  rtfara 
to  t ha  itama  praaant  in  t ha  aircraft  I 

Tha  '"Vaad”  '‘Naadad“  ^Oiaaardad ''Labt  ”  atad  “fatiari”  cmlnmna  ata  ta  ba  atarkad  with  an  A.  £  L. 
$.  ft.  or  combination  of  thaaa  lattaaa  ta  indtcata  tba  mhaaa  of  tha  miahap  mhmn  tha  itmma  fail,  ora 
uaad.  ate  (A  rafara  ta  tha  acetdant  ahmaa:  t  to  tha  aatapo;  L  to  landing.  5  (e  auraivoi  and  t  to 
roacwo.j 

Tha  lamt  ealamn  “Faaktama."  ta  t*  ha  cam^iatad  by  tnaart img  nmmhara  from  tha  faltmmtng  iiat  that 
car  r  aapond  to  tha  prahtama  ancauntaaad 


01 

NOT  AVAILA6LC  •  SUPPLY  P606l£M 

31  . 

OONNING/REMDVAt  PR06l£M 

02  . 

NOT  AVAILA6LC  •  LEFT  BCHINO 

32. 

OI5COMFORT/6ULRINESS 

03. 

01 SCAPOED 

33. 

POOR  FIT 

04 

LOST 

34 

leaked 

05. 

OAMAGEO  -  MIN06 

3S. 

MATERIEL  DEFICIENCY 

06 

OAUAGCO  .  MAJOP 

36 

0£SIM«  DEFICIENCY 

07 

BUAMCO  •  M(NOP 

37 

mancup/chtahclement  iwith  a/c  or  other 
EQUIPMENT) 

06. 

BUPNEO  •  MAJOP 

36. 

cntanglement  (parachute  suspension  lines 

09 

OESTPOYEO  lY  EXTPEME  fOfrCE/FlUE 

ONLYI  major 

\o 

failed  to  opepate  (PAOIO,  ACTUATO*.  etc.! 

36. 

entanglement  (parachute  suspension  lines 

ONLY)  MINOR 

1  ) 

OPCPATID  PAPTULLY 

AO 

ORA(iCtNC  (PARACHUTE  ONLY) 

OIFFICULTY  LOCATIHB 

4t  . 

non-standard  CONFIQURATIDN 

BCYONO  REACH 

42. 

AIDED  IN  LOCATION/RESCUC 

CONNECT tON/CUOSURE  OlFFlCUCTY 

43. 

NOT  EFFECTIVE  IN  LOCAT I ON/RESCUE  (USED  ’N 

CONNECT lON/CLOSUKC  PAILUIC 

AREA  OF  SAR  VEHICLES) 

RELEASE/D ISCQNNECr  OlffiCULTy 

44. 

preventco/minimizer  injury 

RELEASE/OISCONNCCT  FAILURE 

45. 

EQUIPMENT  PROBLEM  (LOSS.  FAILURE.  ETC  1  A 

FACTOR  IN  PROOUCfNQ  INJURY 

INAOVCPTENT  PCLEASC/OfSCONNCCT 

46. 

equipment  produced  injury  (MIT  tY  EJECTION 

It. 

inadvertent  actuation 

SEAT  ETC.) 

70. 

ACTUATION  OIFPFCULTV 

47. 

failurc/delay  in  using  coi^romised  survival/ 
RESCUE 

2  1  ■ 

ACTUATION  failure 

46. 

ALt  CRCR  EOUIPT  (CODE  6MCE  ONLY) 

22 

ACTUATED  BY  OTHER  PERSON 

46. 

MAINT/ installation  ERROR 

23 

PESTRAINT/ATTAChKCNT  INAOCQUACY/FAILURC 

SO. 

PROBLEM  EXPERIENCED  BY  BTHERS  IN  ACTUATION/ 

24 

restraints/ ATTACMMCNTI  PfOT  USED  PROPERLY  FOR 

RELEASE  OF  EQUIPMENT 

MAXIMUM  PROTECTION 

St. 

Rivers  Pulled  loose 

23. 

improper  use  (OTHER} 

7S. 

landed  on  UNDCPLOYED  survival  KIT 

26. 

UNFAMILIAR  WITH  USE 

66 

OTHER 

27. 

COLO  HAMPERED  USE 

26. 

INJURY  HAMPERED  USE 

26. 

WATER  MMAPfRCD  USE 

30. 

OTHER  EQUIPMENT  INTERFERED 
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•fvitrsc  OF  » 


EXHIBIT  B-5 


HUMAN  FACTORS  INVESTIGATED  BY  CANADIAN  FOP.CES 


FLYING  HISTORY 

EMPLOYMENT:  STUDENT  -  1ST  SQUADRON  APPT 

-  LATER  SQUADRON  APPT 
INSTRUCTOR  -  NONFLYING  APPT 

-  EXTRA  QUALIFICATIONS 

-  INSTRUMENT  RATING 

DATED 


AEROMEDICAL 

LAST  B2,  LAST  AMT,  LAST  EJECIION/SURVIVAL  TRAINING 

MEDICAL  CONDITION 

FULL  FIT,  MEDICAL  PROFILE 

AWAITING  ADMISSION  FOR 

SUFFERING  FROM 

CONVALESCENT  FROM 

MEDICATION  IN  PREVIOUS  4  WEEKS 
NIL,  TREATMENT,  SELF-MEUICATION 

EEG,  ECG,  HEAD  INJURIES 


FLYING  TIME 
TOTAL  FLYING  TIME 
TOTAL  TIME  ON  TYPE 

IN  LAST  30  DAYS  (IF  A  NIGHT  ACCIDENT,  INCLUDE  TOTAL  NIGHT  FLYING  TIME  IN  LAST 
30  DAYS  AND  NUMBER  OF  TAKEOFFS  AND  LANDINGS) 

IN  LAST  48  HOURS 

IN  LAST  24  HOURS 

ON  DAY  OF  OCCURRENCE 

ASSESSMENTS 
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PHYSIOLOGICAL  STRESS 


HYPOXIA 
DISORIENTATION 
HEAT  STRESS 
COLD  INJURY 

INTOXICATION  BY  CO/OTHERS 

DECOMPRESSION  SICKNESS 

AIR  SICKNESS 

ACCELERATION 

BAROTITIS  MEDIA 

UPSET  OF  CIRCADIAN  RHYTHM 

INCAPACITATION 

HYPOGLYCEMIA 

HYPERVENTlLATrON 

COMBINED  STRESSES:  ALCOHOL 

FATIGUE 

NUTRITION 

SELF-MEDICATION 


PSYCHOSOCIAL  FACTORS 

PREVIOUS  30-0AY  DUTY/OFF-OUTY  HISTORY 
PREVIOUS  3-MONTH  HISTORY  INCLUDING  LIFE  CHANGE 
(FAMILY,  PERSONAL,  FINANCIAL,  OCCUPATIONAL) 
LIFESTYLE  (BIOGRAPHY,  ACTIVITIES/HABITS,  DRIVING) 
ATTITUDE  AND  MOTIVATION 
GENERAL  INTELLIGENCE,  EMOTIONAL  STABILITY 
PERSONALITY  CHARACTERISTICS  AND  BEHAVIOR 


Note:  Information  of  great  value  has  been  obtained  from  sources  such  as 
friends,  relatives,  supervisors,  instructors,  personal  physicians,  and 
other  observers  who  may  comment  on  long-term  personal  and  flying 
habits,  general  health,  and  ordinary  behavior  of  personnel. 
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NUTRITION 


HOURS  SINCE  LAST  FULL  MEAL 

LAST  MEAL  WAS 

CANTEEN  AVAILABLE 

IN-FLIGHT  FEEDING 

ABNORMALITIES  OF  FEEDING 

FLUID  INTAKE  (STATE  OF  HYDRATION) 

PRESENT  POSTING 

LENGTH  OF  TIME  AT  BASE,  ACCOMMODATION,  DISTANCE  FROM  BASE 

PERSONAL  HISTORY 
AGE 

MARRIED:  WIFE--HEALTH,  AGE 

CHILDREN--HEALTH,  AGES 
SINGLE:  GIRL  FRIEND,  RELATIONSHIPS 

ALCOHOL,  TOBACCO,  HOBBIES,  SPORTS 
CAR:  TYPE,  CONDITION  OF  EXHAUST  SYSTEM 
FINANCIAL,  ECCENTRICITIES,  OTHERS 
ANTHROPOMETRIES 

ACCIDENT  HISTORY 

AIRCRAFT 

MOTOR  VEHICLE 

OIHLR  INVOLVING  INJURY 

FATIGUE 

TIME  AI  CONTROLS  THIS  FLIGHT 

NUMBER  OF  SORTIES  LAST  48  HOURS  LAST  7  DAYS 

HOURS  OF  DUTY  LAST  48  HOURS 

AMOUNT  OF  SLEEP  DAY/NIGHT  LAST  24  HOURS 

RECENT  FATIGUING  FACTORS 

ACTIVITIES  DURING  PREVIOUS  72  HOURS 
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